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Abstract
Over the last four decades significant progress has been made on providing people access
to improved drinking water. The Joint Monitoring Program (JMP) estimates that 6.7 billion
people have access to at least basic drinking water services. In spite of this great achievement
785 million people still lack even basic services and eighty percent of which live in rural areas.
To further complicate matters, those with access to services experience interruptions or nonfunctionality for handpumps and piped system long before the intended design life of the system.
In the Comarca Ngäbe-Buglé province in Panama there is very little information on the
sustainability and water quality of rural water systems after they have been built.
This research presents an extensive literature review of the historical approaches of the
rural water sector, focusing on the evolution of the community-based management approach, the
paradigm shift from prioritizing infrastructure to long-term Water, Sanitation, and Hygiene
(WASH) service delivery, the importance of monitoring, and an evaluation of sustainability
assessment tools and presents an experimental plan to assess the sustainability and water quality
of rural indigenous communities in the Comarca Ngäbe-Buglé, Panama. Few studies have
focused on the role external support providers affect the sustainability and water quality of
community-managed gravity-fed rural water systems. Additionally, this study proposes a plan to
assess communities that have received external support from an outside organization such as the
Ministry of Health or an international organization using the Rural Water and Sanitation
Information System (SIASAR, in Spanish) assessment tool and Ct values for a measure of the
effectiveness of chlorine residual.
ix

This thesis contributes an experimental design for studying the factors that influence a
water committee’s ability to properly disinfect their water. This study builds off previous
research in the rural water sector and is intended to help Panama and similar countries achieve
Sustainable Development Goal Target 6.1, universal and equitable access to safe and affordable
drinking water by 2030.

x

Chapter 1: Introduction
The United Nations (UN) adopted the Millennium Development Goals (MDGs) in 2000
to help eliminate global poverty, child mortality, increase environmental sustainability among
other goals to improve the quality of life of all people. The goal for environmental sustainability
included a target to reduce by half the amount of “people without sustainable access to safe
drinking water and basic sanitation” (UNICEF & WHO, 2015). Many countries motivated by the
MDGs have made significant progress toward reaching this goal . Between 1990 and 2015 2.6
billion people gained access to an improved water source and 2.1 billion gained access to an
improved sanitation facility (UNICEF & WHO, 2015).
Although these numbers may seem impressive, there are still millions of people who lack
even the most basic services. In 2017, 785 million people did not have access to a basic drinking
water service, one that uses an improved source to collect water and was within 30 minutes
(UNICEF & WHO, 2019). To build off the successes of the MDGs the UN member states
adopted the 2030 Agenda for Sustainable development to eradicate poverty and achieve
universal access to basic human rights such as water and sanitation. Target 6.1 of the Sustainable
Development Goals (SDGs) aims for everyone to have universal and equitable access to safe and
affordable drinking water by 2030. Safely managed water is defined as “drinking water from an
improved water source that is located on premises, available when needed and free from fecal
and priority chemical contamination” (UNICEF & WHO, 2017). To achieve these ambitious
goals the management model that is used in many developing countries is community
management (Hutchings et al., 2015; Schweitzer & Mihelcic, 2012).
1

There is growing concern about the efficacy and sustainability of the community
management model for rural water systems (RWS). In the past there has been reports of high
levels of non-functionality for handpumps but also piped water systems (MacCarthy et al., 2017;
Smits et al., 2013; World Bank, 2017b). The community management model relies on
communities to have ownership of their water infrastructure and operate and maintain it after
external agencies have finished building it (Schweitzer & Mihelcic, 2012). It can be challenging
for rural communities to operate and maintain their RWS for many years after construction
without external support, assistance provided by an outside organization. Many times,
communities lack the management and administration skills necessary to collect the fees to pay
for repairs. Additionally, the leadership positions on the water committees are expected to be
nonpaid positions. Finding people that want to work for free especially after the system is built is
difficult (Mangum, 2017; Schweitzer, 2009; Suzuki, 2010).
Thus, to track progress towards achieving SDG 6, monitoring must be prioritized to
maintain water service levels in rural communities. Baseline data must be collected for rural
communities and their water and sanitation service levels. Equally important, data must be
collected periodically to assess the water and sanitation service levels over time to determine
which areas should be prioritized and where resources need to be allocated. A sustainability
assessment tool called the Rural Water and Sanitation Information System (SIASAR, in
Spanish), already in use in Panama, could be coupled with a method for disinfecting drinking
water known as the Ct method could effectively evaluate what indicators of sustainability affect
the likelihood of communities properly disinfecting their water ensuring safely managed water
service.

2

Chapter 2: Background
2.1 Panamanian Context
The Republic of Panama is the southernmost country in Central America, nestled
between Costa Rica and Colombia. The National Institute of Statistics and Census of Panama
(INEC) estimates the country’s population to be around 4 million (National Institute of Statistics
and Census - Panama, 2010). Geographically, Panama is divided by a mountain range which has
slowed the progress of connecting the country with roads, refer to Figure 2.1 below. It was only
22 years ago when the highway connecting the province of Chiriquí to Bocas del Toro was built,
before then the only ways to travel to Bocas del Toro were by boat from Colon or by airplane.
Since the Panama Canal was turned over to the Panamanian government in 1999 the
gross domestic product has been growing each year. The Panama Canal is a major contributor to
this growth. The Panama Canal Expansion project which finished in 2016 doubled the capacity
of the Panama Canal further stimulating economic growth. According to the World Bank,
Panama is one of the fastest growing economies in the world (World Bank, 2018b). The United
Nations Development Program (UNDP) reports that “Panama has a medium-high level of human
development but with marked differences between provinces…” (UNDP, 2015). The report
measured multidimensional poverty which represents the inequality between groups that are not
able to progress at the same rate at the rest of the country.
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Figure 2.1: Provinces and Comarcas of Panama including Major Highways
“Multidimensional poverty helps visualize the persistence of inequality and the fact that
there are people and communities who are unable to benefit equally from the progress the
country enjoys. These are the priority populations, which must receive special support
through public policies: children in poverty conditions, out-of-school youth, women
outside the labor market, people with disabilities and indigenous populations in
vulnerable conditions.”
The national average for the Multidimensional Poverty Index (MPI) is 14.1%, with a
huge disparity from 4.2% for the wealthiest province to 89.5% for the Comarca Ngäbe-Buglé
(UNDP, 2015). World Bank (2018a) created a map (Figure 2.2) visualizing the poverty rates by
province and comarca, Figure 2.2 paints a stark picture for the disparity between indigenous and

4

non-indigenous populations. A 2015 World Bank report compared twelve Latin American
countries with indigenous populations and found that Panama had the largest rural-urban gap
when comparing the indigenous populations to non-indigenous populations for access to piped
water (Freire et al., 2015). There are significant challenges for indigenous populations in Panama
as seen from the statistics, institutional change is needed to improve equity for indigenous
peoples.

Figure 2.2 Poverty index by province and comarca in Panama. from The Connections between
Poverty and Water Supply, Sanitation, and Hygiene (WASH) in Panama: A Diagnostic. World
Bank, Washington, DC, (reprinted with permission from the copyright holders, World Bank
Group).
Panama has one of the strongest economies in Latin America and the Caribbean with an
average growth rate of 7.5% compared to then regions average of 2.7% between 2007 to 2015
(World Bank, 2015). Despite these impressive gains poverty has become more concentrated in
rural areas especially in indigenous comarcas (World Bank, 2018a). In 2010, the indigenous
population of Panamá was approximately 6% of the total population of 3,6 million, with the
Comarca Ngäbe-Buglé having the largest portion at around 4.6% (National Institute of Statistics
and Census - Panama, 2010).
5

To illustrate the inequality and the lack of resources devoted to indigenous areas,
especially the Comarca Ngäbe-Buglé, Table 2.1 shows the percentage of the population with
access to basic water service. The population with access to piped water drops from 96.6 percent
in urban areas to 48.3 percent in the Comarca Ngäbe-Buglé. Similarly, a recent study by the
World Bank (2018a) of 138 indigenous communities found that nearly 40 percent had no service,
and those that did were more likely to have serious problems with the water system.
Table 2.1 Drinking water source by source, area, and population (percent)
Drinking Water Source
Characteristic
Type of water service
Water provided by IDAAN
Water from a rural aqueduct
Total
Water source
Protected well
Unprotected well
Protected Spring
Unprotected spring
surface water

Urban

Rural

Indigenous

Comarca
NgäbeBuglé

93.8
2.8
96.6

31.2
53.5
84.7

1.3
51.2
52.5

1.3
47
48.3

73.3
17.9

0.6
0
0
0.1
0

7.8
0
0
2.4
0.8

14.6
0
0
20.4
5

17.8
0
0
25.4
0.8

3.1
0
0
1.7
0.5

Total
population

*Data obtained from Enasser, Encuesta Nacional de Salud Sexual y Reproductiva Panama, 20142015. The data is based on a national survey that 11,116 households completed, 5,616 women,
5,500 men respectively with 823 surveys collected in the Comarca Ngäbe-Buglé.
About half the population in the Comarca Ngäbe-Buglé has basic water service from a
rural aqueduct, but there is little information on the sustainability of these systems. These water
systems rely on water committees to operate and maintain the system, collect fees, make repairs
and properly disinfect the water with in-line chlorinators donated by the Ministry of Health. In
2009 Suzuki studied the sustainability of 28 communities and their water systems that were built
by Peace Corps volunteers in Panama. The results of that study found that all 28 communities
need some sort of external assistance to ensure that water system continues to work as designed
6

indefinitely. Suzuki did not do any water quality testing and rated infrastructure based on direct
observation. Although a water system may be in good condition it does not ensure that the water
is free from pathogens. An assessment of water systems should include an analysis of water
quality with regards to total coliforms and E. Coli and/or residual chlorine concentration to
verify that the water is properly disinfected to meet the safely managed service level set by SDG
Target 6.1.
From a country level perspective, it appears as though Panama is doing quite well with
96.6% of the population having access to at least a basic water service for drinking water.
However, when you compare this coverage to the coverage in the Comarca Ngäbe-Buglé it drops
to 47% (De León Richarson et al., 2018). Figure 2.3 demonstrates the disparity between rural
and urban areas especially in indigenous areas. The top part of that figure shows the proportion
of houses without access to potable water. It also shows the indigenous areas and the province of
Bocas del Toro, which has a large indigenous population, are the areas with the greatest number
of households without access to potable water. The bottom part of Figure 2.3 shows the
percentage of houses that have a connection to a centralized water distribution system provided
by the Institute of National Aqueducts and Sewers (IDAAN). The dark blue represents areas that
have the highest proportion of houses with piped water provided by IDANN, especially the area
surrounding Panama City. The dispersed nature of communities in mountainous areas and lack of
electricity makes centralized water systems unfeasible. Instead, decentralized rural water systems
using spring sources are the main form of water systems in the Comarca Ngäbe-Buglé.

7

Figure 2.3 Maps of houses without access to potable water and houses with a connection to
IDAAN. From Comité de Alto Nivel de Seguridad Hídrica 2016. Plan Nacional de Seguridad
Hídrica 2015-2050: Agua para Todos. Panamá, República de Panamá. 168 páginas. Noviembre
2016 (reprinted with permission from copyright holder Consejo Nacional del Agua).
The Ministry of Health with support from international donors have built many rural
water systems. Peace Corps Panama has also been helping build rural piped water systems for
over 20 years. There are more than 5,000 piped water systems in peri-urban, rural, and
indigenous areas equating to 20% of the total population receiving their water from an aqueduct
(Comité de Alto Nivel de Seguridad Hídrica, 2016). However, little information is known about
the water quality, service level, and overall sustainability of these systems. The Department of
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Drinking Water and Sanitation (DAPOS, in Spanish) under the Directorate for the Potable Water
and Sanitary Sewage Subsector (DISAPAS, in Spanish) under the Ministry of Health in the
Comarca Ngäbe-Buglé does not keep well-managed records of the water quality and
sustainability of the rural water systems it is supposed to monitor. Peace Corps Panama also has
no records about the water quality or sustainability of these systems once Peace Corps has left
the community. Panama has used SIASAR to evaluate 635 rural water systems out of the 5,000
plus systems reported by the government (identified in Figure 2.4). The colors of the circles
represent different levels of service on a scale of A to D where A is, and D is non-existent. More
monitoring is required to better understand the 5,000 plus water systems cited by the Panamanian
government, if they are still functioning, the water quality, level of service and overall
sustainability associated with them.

Figure 2.4 Map of rural water systems in Panama evaluated by SIASAR. From
http://siasar.org/en/countries/panama. Published under the Creative Commons AttributionNonCommercial-ShareAlike 4.0 International License.
In 2015 the National Assembly of Panama passed Law 66 of 2015 which decentralized
public works projects from the national level to the district and sub-district levels ("Law 66 of
9

2015 Decentralization of Public Administration," 2015). The idea being that the local politicians
could work more efficiently than a top-down approach from the central government. Since then
more local politicians have been building rural water systems with funds made available through
office of decentralization. Unfortunately, there is little data assessing these rural water systems in
the districts of Mironó, Nole Duima and Müna in the Comarca Ngäbe-Buglé.
2.2 Motivation, Objectives, and Hypotheses
The motivation for this research is to make SDG Target 6.1 a reality in Panama; to ensure
Panamanians have access to safe water, free of pathogens, on site, and available when needed.
The goal of this thesis is to ensure rural gravity flow water systems are sustainable and ensure
they provide safe water in terms of microbial water quality.
This study has three objectives:
healthier WASH behaviors
1. To use the Rural Water and Sanitation Information System (SIASAR, in Spanish)
sustainability assessment tool to evaluate rural water systems in the Comarca
Ngäbe-Buglé and to assess what impacts external support programs have had on
water quality and sustainability indicators.
2. To use the Ct method for disinfection to compare the impact external support
programs have had on ensuring appropriate Ct values are maintained for chlorine
in rural spring-sourced gravity-fed water systems.
3. To use the General Knowledge of Chlorination Survey to assess what impact
external support programs have had on the water committee training regarding
water quality and disinfection with chlorine.
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2.2.1 Hypotheses
The hypotheses in this proposed study were developed after reviewing literature and the author’s
two and a half years of experience working in rural development in Panama as a U.S. Peace
Corps volunteer in the Water, Sanitation, and Hygiene program. The author has firsthand
experience working with the directors and district technicians for the Department of Drinking
Water and Sanitation (DAPOS, in Spanish), water committees, and rural gravity-fed water
systems in the Comarca Ngäbe-Buglé.
The three hypotheses are:
1.

Communities that have received external support from an outside organization
such as assistance from the Ministry of Health or an international organization
will score higher on the SIASAR sustainability assessment more frequently than
communities that have not received external support.

2. Communities that have received external support from an outside organization
such as assistance from the Ministry of Health or an international organization
will disinfect their water so that Ct value is >40 min-mg/L more frequently than
communities that have not received external support.
3. Water committees that have received training from an outside organization such
as water committee training from the Ministry of Health or an international
organization will score higher on the General Knowledge of Chlorination Survey
than communities that have not received water committee training.
This study aims to evaluate the efficacy of external support from outside organizations to
rural communities in the Comarca Ngäbe-Buglé. This study proposes using a case-control design
to assess how external support programs have impacted water quality in terms of microbially
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safe water and sustainability indicators in randomly selected intervention (external support) and
control (no external support) communities. This study seeks to study communities in three
districts of the Comarca Ngäbe-Buglé, Mironó, Nole Duima, and Müna. This study will test all
three hypotheses using a variety of tools including SIASAR sustainability assessment tool, Ct
method for disinfection, and General Knowledge of Chlorination Survey adapted from Yoakum
(2013) who was a previous USF Master’s International student serving in Peace Corps Panama
as an Environmental Health Volunteer.
At 8:05 p.m. on March 15, 2020 Peace Corps Panama activated an evacuation plan
requiring all volunteers to leave their communities as soon as possible and travel to Panama City
to be evacuated to the United States due to COVID-19 pandemic. This unprecedented decision
was made by Peace Corps Headquarters which decided it was safest to evacuate all volunteers
worldwide, nearly 8,000 in total. Consequently, it is impossible for the author to carry out this
investigation and collect data in Panama. Therefore, this thesis is intended to serve as a basis for
future research to complete this important study.

12

Chapter 3: Literature Review
3.1 Historical Approaches of Rural Water Supplies
This chapter begins with an overview of the evolution of the Water, Sanitation, and
Hygiene sector over the last forty years. It then evaluates some sustainability assessment tools
used for monitoring and evaluation of rural water systems. The selected tool SIASAR is
introduced in detail followed by the organizational structure of the water and sanitation sector in
Panama. Finally, the chapter concludes with a brief description of Peace Corps Panama and the
University of South Florida’s Master’s International program.
3.1.1 Creation of the Community-Based Management Approach
The Water and Sanitation sector has gone through many changes in the last four decades
as it strives to achieve water and sanitation for all. The first International Drinking Water and
Sanitation Decade (1981-1990) began with a declaration to achieve water and sanitation for
everyone by 1990 at the 1977 World Water Conference in Mar de Plata, Argentina (Black,
1998). Donors and non-governmental organizations (NGOs) adopted a project approach to build
infrastructure to address the perceived health needs and provide everyone with safe water and
sanitation at the community level. The thinking at the time was that after a project was
completed the community would take care of the operations and maintenance (O&M) of the
system (Lockwood & Smits, 2011). This approach became known as community-based
management or simply community management.
Before community-based management was created, centralized governments used a
‘supply-driven’ approach to build rural water supplies. Government institutions lacked the
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capacity and commitment to effectively manage all the rural water supplies. Maintenance and
repairs of rural water supplies built by the government relied on district headquarters to send
mechanics to repair pumps in an area containing hundreds of handpumps (Black, 1998).
Consequently, the results were often poor. Centralized governments also tended to be corrupt
and bureaucratic making them inefficient (Harvey & Reed, 2004). To address this problem and
to increase coverage as fast as possible, donor NGOs adopted a ‘project approach’ that focused
on the community level. Community-based management was thus seen as the solution to bypass
government inefficiency and as a method to achieve water and sanitation for all by 1990.
Moriarty et al. (2013) identified three principles that community management is based upon:
1. The community is expected to help construct the water system;
2. The community takes ownership of the system; and,
3. The community is willing and able to provide O&M of the system.
Behind these principles were other assumptions about rural communities which were
based on simplistic idealization of communities in developing countries. For example,
communities were assumed to have the time to voluntarily manage the system, be inclined to
form an organization to manage the system, have the organizational, administrative, and
technical capacity to perform O&M and the social cohesion to make it all work (Harvey & Reed,
2006). This approach did not give much consideration towards capacity building for the
communities receiving this new infrastructure or support to ensure these systems would continue
to work into the future (Katz & Sara, 1997). Unfortunately, these assumptions cited by Harvey
and Reed (2006) were not well-founded as proven by the high number of dysfunctional water
systems (RWSN, 2009).
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3.1.2 Demand-Responsive Approach
The International Decade for Water and Sanitation made considerable progress on
improving coverage for urban and rural population’s access to water and sanitation. The World
Health Organization (WHO) (1991) estimates that in developing countries 1.14 billion people
living in rural areas gained access to ‘adequate and safe water supply’ increasing coverage from
29% in 1980 to 68% in 1990, (Table 3.1).
Table 3.1 Progress made globally on water and sanitation coverage from 1980 to 1990
Population with services
Water supply
Sanitation
Population without services
Water supply
Sanitation

Urban
1980
1990
710
1159
627
953

1980
676
847

226
309

1627
1456

173
379

Rural

1990
1817
1274
842
1385

One of the weaknesses of the community-based management approach was that
communities were not involved in the planning or design of the water supply (Schouten &
Moriarty, 2003). To address this issue a demand-responsive approach (DRA) was promoted by
the World Bank (1997). Essentially, a demand-responsive approach involves the community in
many aspects of the planning and design process. This approach allows the community to decide
on the level of service that they are willing and able to pay for, including appropriate technology,
their contribution to initial investment, and their responsibility of O&M costs (Katz & Sara,
1997; Moriarty et al., 2013).
Sara and Katz (1997) wrote a report for the UNDP and World Bank evaluating ten
projects around the world on the impacts of different approaches, including the demandresponsive approach, and their effect on sustainability. The authors concluded that sustainability
increased in communities where a demand-responsive approach was used. Factors that
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influenced the sustainability of a project using the DRA include quality of construction,
household involvement, presence of a water committee, household and water committee training.
The study also found that there was a lack of understanding about how community contributions
affected the type and level of service a community would receive. Community contributions are
the amount of cash, labor, or in-kind contributions (materials or food) that a community
contributes to the initial capital investment.
Community contributions were not presented with the cost of different options and
therefore communities did not understand that the amount of community contribution affected
the level of service. Training for water committees and households was found to positively
influence system sustainability and the authors recommended that projects include O&M training
and hygiene education. A strong relationship was also found between sustainability and
involvement of household members in the initiation and design phases of the project. The
authors found differences in perception of community needs between community leaders and
household members, which led to systems that did not consider all groups equally. They
recommended communities be given a more influential role in future projects because “Choice
should not be limited to service levels and technology, but should include how, when, and by
whom services are delivered and sustained” (Katz & Sara, 1997).
3.1.3 A New Millennium
A new set of international development goals under the Millennium Development Goals
(MDGs) was adopted by member states of the United Nations in 2000. Target 10 of MDG 7
sought to “halve, by 2015, the proportion of people without sustainable access to safe drinking
water and basic sanitation” (Hutton & Bartram, 2008). The magnitude of the challenge was
enormous, as Lockwood (2004) addresses in Scaling Up Community Management of Rural
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Water Supply “the MDG translates into a target of 280,000 new water users every day for twelve
years.”
The pressure to expand coverage in developing countries and provide people with access
to clean water for the first time often neglected how to sustain that service once the project was
completed. Equally important, charities, faith-based organizations, and NGOs have tried to
provide access to clean water in ways that are very tangible and that make their donors feel like
their contributions were meaningful (Whittington et al., 2009). It was easier to use an ‘adopt-aproject’ model that focused on ‘hardware’ rather than the more challenging ‘software’ such as
service provider and household training, management, and service delivery (Fogelberg, 2013;
Moriarty et al., 2013). Despite the good intentions of these organizations, this work style
promoted a mentality that “building water supply systems is more important than keeping them
working” (RWSN, 2010). The results of this are seen in the 30-40% failure rate of water projects
which focused too heavily on infrastructure investments instead of long-term service provision
(Baumann, 2006; Fogelberg, 2013; Lockwood et al., 2003; RWSN, 2009).
Over time it was evident that community management using the demand-responsive
approach had a problem with sustainability. A World Bank report reviewed literature and
assessed the sustainability of rural water supplies. The authors found that there were serious
problems with RWSs failing before their intended lifetimes (Lockwood et al., 2003). A lack of
attention given to the post-construction phase and lack of follow-up support to communities were
identified as major causes of these failures. The report classified factors affecting the postconstruction sustainability which determine long-term service provision, as seen in Table 3.2.
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Table 3.2 Main factors that affect post-construction sustainability (adapted from Lockwood,
Bakalian et al. (2003))
Main factors that affect post-construction sustainability
Technical

Financial

Community and
Social

Institutional and
policy

Environmental

Internal to Community
Tariff collection
Preventative maintenance
community management capacity
User satisfaction and willingness to pay
Social cohesion

External to Community
Long-term external support
Spare parts availability
Skilled technicians
Private sector service provider
Water source production and quality

Involvement of women
in system management

Clear and supportive policy and legislative
framework regarding the operation and
maintenance of RWSS

The community management model has been found to have problems with scalability and
sustainability of services because it assumed that communities had the technical capacity and
administrative and organizational skills to collect fees, perform O&M, and make any repairs all
without outside help (Lockwood et al., 2003; Moriarty et al., 2013; Whittington et al., 2009).
Moriarty et al. (2013) summarizes this period perfectly as ‘the beginning of the end’ for the
community management using the DRA “Not principally because community management has
failed, but because it is reaching the limits of what can be realistically achieved in an approach
based on informality and voluntarism.”
To address the pitfalls of community management, new approaches that focused more on
sustaining service delivery emerged. There are several different terms associated with these new
approaches, ‘follow-up support’, ‘post-construction support’, ‘external support’ and ‘community
management plus (CM+) (Baumann, 2006; Kayser et al., 2010; Lockwood, 2004; Schouten &
Moriarty, 2003). All the terms focus on the central idea that community-based water supplies
need support from local authorities and centralized government. Professionalization of the
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service provider (i.e. water committee) is also key to improving the organization and
management of the rural water supply. Formal, legalized water committees are believed to be
more likely to deliver the water service and can be held accountable.
Equally important, service authorities (i.e. district level government institutions) play an
important role in supporting the service provider. Miller et al. (2019) reviewed literature
focusing on external support programs supporting rural water services and found seven activities
external support providers (i.e. service authority) offer to the service provider (i.e. water
committee), Table 3.3. Schweitzer and Mihelcic (2012) observed that more visits from outside
support improved community participation and financial durability. These types of postconstruction support programs went a long way to address the gaps in the demand-response
approach but were focused mostly at the community level.
Table 3.3 External Support Provider Activities from Miller et al. (2019)
External Support Provider Activities
• Administrative assistance

• Financial assistance

• Capacity building
• Communication/coordination
• Creation/enforcement of regulation/policy

• Monitoring/regulation
• Technical assistance

Kayser et al. (2014) found that a circuit rider model in El Salvador improved water
quality and sustainability of rural water systems that participated in the program. Circuit riders
are technicians that visit communities once a month to provide technical and administrative
support to service providers. The study looked at how water quality and sustainability indicators
(financial, technical, administrative management and water supply protection) were affected by a
circuit rider post-construction support program. The results of the study show that participating
communities had significantly less contaminated water, higher tariff collection, better record
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keeping and higher spending on repairs. Although the Circuit Rider technicians do not work for
the service authority, they play an important role in the long-term functionality of rural water
systems.
Although the community management plus and similar external support programs
endeavored to correct the problems identified in the demand-response approach, the answer was
directed at the community level and did not address broader issues of how to deliver services
indefinitely. Lockwood and Smits (2011) made a major contribution to the development sector
with their book Supporting Rural Water Supply: Moving towards a Service Delivery Approach
which lays out the ‘building blocks’ for sustainable service delivery. Those building blocks are
shown in Table 3.4. Lockwood and Smits (2011) present a way to move forward from the
traditional capital-intensive phase to a holistic approach that looks at the full life-cycle of a
service. They also reason that the service delivery approach requires different institutional levels,
national, intermediate, and local to sustain services.
Table 3.4 Building blocks for sustainable service delivery (from Lockwood and Smits 2011)
Building blocks for sustainable service delivery
1. Professionalization of community
6. Capacity support to local government
management
2. Recognition and promotion of alternative
service provider options

7. Learning and adaptive management

3. Monitoring service delivery and sustainability

8. Asset management

4. Harmonization and coordination

9. Regulation of rural services and service
providers

5. Support to service providers

10. Financing to cover all life-cycle costs

Expanding on the previous works by authors such as Harvey and Reed (2004), Katz and
Sara (1997), (Lockwood, 2004) , and Schouten (2005), organizations such as IRC International
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Water and Sanitation Centre (IRC) and WaterAid began to amend their frameworks to align with
the ‘building blocks’ or principles defined under the new service delivery approach (Moriarty et
al., 2013). The service delivery approach is a paradigm shift for rural water supply and includes a
myriad of changes to guide the urban and rural water supply sector in developing countries.
However, each country will have to adapt the service delivery approach to their local context.
IRC with help from the Bill and Melinda Gates Foundation created the Sustainable
Services at Scale (Triple-S) Theory of Change project, which combined service delivery
approach theories and concepts with Triple-S tools and approaches to be implemented in Ghana
and Uganda. The project was intended to act as a catalyst to change the rural water sector by
providing the framework to promote sustainable WASH services at scale (Schouten & Moriarty,
2013). Figure 3.1 shows how IRC works to assist the WASH sector achieve the desired
outcomes, WASH services for everyone.

Figure 3.1: International Water and Sanitation Centre’s Theory of Change for WASH Sector.
(Reprinted from Huston, A. and P. Moriarty (2018). Understanding the WASH System and its
Building Blocks. Building Strong WASH Systems for the SDGs, Working Paper. IRC. The
Hague. Netherlands published under the Creative Commons Attribution-NonCommercialShareAlike 3.0 License).

The IRC Triple-S framework consists of three main pillars: a service delivery approach,
harmonization and alignment, and a learning and adaptive sector (Schouten & Moriarty, 2013).
Central to IRC’s Triple-S framework is the understanding that the water sector is “a complex
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adaptive system, consisting of multiple actors and relationships, all of which need to work
together effectively for services to be delivered” (Schouten & Moriarty, 2013). Key findings
from this project include that project management at all levels must adapt over time, target
countries were able to change their perceptions of sustainability with a focus at the ‘district’
level, and that the service delivery and whole system approaches still need to be proven on the
ground level (Tremolet et al., 2015). Finally, it was stated that it takes time to create system wide
change, even after running for six years (2009-2015) the project did not see the impacts they had
hoped for.
In 2010, the MDG target for safe drinking water was met, five years ahead of schedule.
In the same year the United Nations General Assembly recognized access to safe water and
sanitation as a human right (UNICEF & WHO, 2015). The Joint Monitoring Program reported
that in 2015 6.5 billon people had access to a basic level of service which required 30 minutes or
less to collect water. In addition, 263 million people had access to a limited drinking water
service, meaning more than 30 minutes were necessary to collect water from an improved
source (UNICEF & WHO, 2017). Since 1990, when the JMP started collecting data, 2.6 billion
people have gained access to an improved drinking water source. In 2015, 96% and 84% of
global urban and rural populations used an improved drinking water source (UNICEF & WHO,
2015). This is a remarkable achievement considering that the global population grew by 2 billion
people between 1990 and 2015 (World Bank, 2019).
The MDGs made considerable progress providing people with access to safe drinking
water. However, the JMP classified water sources as simply being ‘improved’ or ‘unimproved’
based on whether or not the source was protected from contamination (UNICEF & WHO, 2015).
Improved sources included piped water on premises, public taps or standpipes, tube wells or
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boreholes, protected dug wells, protected springs, and rainwater collection. Unfortunately, this
classification did not consider the water service level, how often water was available or the
distance to the water source, nor did it consider the water quality and whether it was free from
fecal and priority chemical contamination. This classification led to numbers that did not
accurately represent the quality or functionality of drinking water sources and the challenges still
to come (Moriarty et al., 2013).
In 2015, United Nations Member States adopted the 2030 Agenda for Sustainable
Development which includes 17 Sustainable Development Goals (SDGs) that aim to set higher
standards and finish what the MDGs left incomplete. Target 6.1 of SDG 6 is to “by 2030,
achieve universal and equitable access to safe and affordable drinking water for all” (UNICEF &
WHO, 2017). The Joint Monitoring Program (JMP) uses a service ladder to classify the level of
service for water. To be considered safely managed the water service must be accessible on
premises, available when needed and free from fecal and priority chemical contamination. If a
water service does not mean all these criteria it is labeled as a ‘basic’ drinking water service. The
other service levels can be seen in Figure 3.2.
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Figure 3.2 The new JMP ladder for drinking water. (Reprinted from Progress on drinking water,
sanitation and hygiene: 2017 update and SDG baselines. Geneva: World Health Organization
(WHO) and the United Nations Children’s Fund (UNICEF), 2017 published under the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 license).
The Service Delivery Approach has continued to improve over time thanks to greater
harmonization and coordination between aid organizations, governments sharing their
experiences, successes, and failures. Launched in 2015, Agenda for Change, is an example of
collaboration among development organizations with the goal of achieving universal water,
sanitation, and hygiene services by 2030 (Tillet & Smits, 2017). The Agenda originally involved
Aguaconsult, IRC, WaterAid, Water For People, and the Osprey Foundation. In 2020, it has
fourteen development organizations from around the world that are committed to delivering
sustainable services through systems strengthening. This idea is the newest strategy for achieving
the Sustainable Development Goals Goal 6.
Championing this cause, IRC has developed their own approach by applying systems
thinking to the WASH sector. They view the WASH sector as a ‘complex adaptive system’
because it is difficult to describe, has a non-linear behavior and changes in unpredictable ways

24

(Casella et al., 2015). For example, multiple administrative levels in a national government are
involved in decentralized water service delivery as well as many other actors. These actors
consist of users, community organizations, private operators, water utilities, NGOs, and subnational government entities (i.e. district level agencies) (Casella et al., 2015; De La Harpe,
2009). All of these actors are involved with service provision activities such as financial
planning and management, legislation and policy making, regulation and water service (Casella
et al., 2015; Rogers & Hall, 2003). There is growing evidence from a multitude of researchers
that argue the development aid sector should be reorganized around ‘complex adaptive systems
thinking’ (Andrews et al., 2013; Barder, 2012; Kania & Kramer, 2011; Pritchett et al., 2013;
Woolcock, 2013).
Walters and Javernick-Will (2015) reviewed literature to create a casual loop diagram
(CLD) to describe the system behavior of the rural water sector. The CLD modeled the rural
water sector identifying factors and feedback mechanisms that affect the long-term functionality
of services, seen in Figure 3.3. The authors found that all the relationships between factors were
positive meaning that depending on the dominant feedback mechanism over time the system
could grow or decay.
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Figure 3.3 Casual Loop Diagram that describes the system behavior of the rural water sector.
(Reprinted from Journal of Environmental Science and Technology, volume 49, issue number 8,
pages 5035-5043, with permission from the copyright holders American Chemical Society).
3.2 IRC WASH System and Building Blocks
For more than a decade, the IRC International Water and Sanitation Centre has acted as a
change hub, where an organization or organizations committed to a shared vision collectively
work together to facilitate the desired change (Huston et al., 2019). As mentioned earlier, IRC
promoted the service delivery approach as a better alternative to infrastructure-focused approach
of the MDGs. Recently, IRC has pivoted to a WASH systems approach focused on building
WASH systems to provide sustainable WASH services and achieve the Sustainable
Development Goals. In Understanding the WASH System and its Building Blocks: Building
Strong WASH Systems for the SDGs, Huston and Moriarty (2018) layout the framework for
IRC’s WASH systems approach. The body of the paper is laid out with the following format:
complex adaptive systems, leverage points and outcomes, actors and factors, boundaries and
scale, systems for WASH service delivery, the concept of building blocks and the WASH system
in context. Each section will be summarized to provide a detailed picture of the current approach
many organizations in the WASH sector have adopted.
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3.2.1 Complex Adaptive System
Complex systems exist all around us, for instance the climate system or water networks
are examples of complex systems. Naturally, complex systems consist of complex problems.
Islam and Susskind (2013) describe complex problems as problems with “interactions that are
both unknowable and unpredictable” and add that “they involve too many variables, too many
interactions and too much feedback.” Thus, water networks are inherently complex because they
are influenced by political, societal, and natural interactions. In 1977 at the water conference in
Mar de Plata, Argentina water managers made a paradigm shift from a supply-side focused water
management to a more equitable, people-oriented approach (Islam & Susskind, 2013). Integrated
Water Resources Management (IWRM) was created as a way to deal with complex water
problems that are difficult to manage due to multiple actors needing to agree on equitable and
sustainable management in a multisectoral context (Global Water Partnership Technical
Advisory Committee, 2000; Islam & Susskind, 2013). Water resources management is a vital
part of the WASH system and further adds to the complexity of delivering universal access to
sustainable WASH services.
Drawing on the work from Rittel and Webber (1973), Casella et al. (2015) describe the
rural water sector as having ‘wicked’ problems and call for multiple actors to change their
perspective and behavior. The term “wicked” is defined as “a complex, persistent situation with
no obvious solution and whose boundaries, scale and outcomes are difficult to determine.
Wicked problems are common in socio-technical systems” (Huston & Moriarty, 2018). Indeed,
the WASH sector is a socio-technical system that is unpredictable and is constantly changing,
evolving over time based on its environment, internal and external drivers (Huston & Moriarty,
2018). Thus, it is vital that stakeholders share insights, lesson-learned, and reflection
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mechanisms that will facilitate continuous adjustments due to the nature of complex adaptive
systems (Burns & Worsley, 2015; Huston & Moriarty, 2018).
3.2.2 Leverage Points and Outcomes
To achieve a desired outcome in a complex system, it is useful to identify leverage points
and to concur on the desired outcome (Huston & Moriarty, 2018). Leverage points are influential
components of a complex system where minute changes can produce large impacts, despite an
inability to accurately predict or monitor the causal nexus (Meadows, 1999). Huston and
Moriarty (2018) offer a lack of local government capacity as a potential leverage point which
could affect poor performance and regulation of service providers, inadequate operation and
maintenance and other issues. Although leverage points are important it is unlikely that a single
change will achieve the desired outcome. Nevertheless, leverage points can be used to pinpoint
obstacles and decide where to assign more attention to realize an outcome.
It is crucial that actors agree on the desired outcome and continually monitor progress on
the road to the end goal so that adjustments can be made along the way. Learning and adaptation
require constant monitoring, coupled with continuous reflection and response to evaluate
progress (Burns, 2007; Huston & Moriarty, 2018). To emphasize this even more, Huston and
Moriarty say that “Perhaps the most important implication of seeing WASH as a complex
adaptive system, with an inherent lack of predictability, is the centrality of monitoring and
information sharing to achieving progress” (2018). Accordingly, if sustainable service delivery
for all is to be achieved, all actors will need to work together to monitor progress and study how
the system is behaving.
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3.2.3 Actors and factors
Actors and factors are key components for a strong WASH system that delivers global
coverage to sustainable WASH services. Actors that deliver or use WASH services consist of
national governments, district level agencies, civil societies, private sector, and urban and rural
household users. The complex web of interactions and links between actors are called factors,
examples of which include cultural and social norms, markets, and technologies. Recently,
investigators have tried to model socio-technical system interactions between actors and factors
using a variety of tools such as Group Model Building approaches, Causal Loop Analyses, agentbased models, and organizational network analysis (Casella et al., 2015; Valcourt, 2019; Walters,
2015). Another example of a Causal Loop Diagram for sustainable water services is seen in
Figure 3.3. Note that another study has developed casual loop diagrams to show how all the
SDGs are linked (Zhang et al., 2016).

Figure 3.4 Causal Loop Diagram modeling the interaction between actors and factors that affect
sustainable water services. (Reprinted from Valcourt, Walters, et al. (2020).Sustainability
Volume 12 Issue number 3 12-43, with permission from MDPI).
3.2.4 Boundaries and Scale
In science and engineering boundaries are used define the extent of a system. The system
is everything inside the boundary, everything outside the boundary is excluded. Boundaries help
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simplify the problem, making it easier to study the processes and interactions that occur within a
system. Unfortunately, not all boundaries are tangible and easily seen. In the WASH system,
Huston and Moriarty (2018) define the boundary (in its simplest form) as all the actors and
factors that work to deliver sustainable services. It can be difficult to define a boundary because
of the multitude of actors and factors operating at multiple scales and levels. Commonly used
boundaries in WASH systems are geographic (i.e. watersheds) or administrative (i.e. national or
district level). In health and education systems, the district level serves as the boundary to study
how the systems work (Ainscow, 2005; Braa et al., 2004). Decentralization of many
governments has led to the WASH sector using a ‘district-level approach’ because it incorporates
stakeholders that play key roles in WASH service delivery (Huston & Moriarty, 2018;
Lockwood & Smits, 2011). Actors and factors are separated by boundaries at different scales in.
Figure 3.5.

Figure 3.5 Actors and factors separated by boundaries at different scales. (Reprinted from
Huston, A. and P. Moriarty (2018). Understanding the WASH System and its Building Blocks.
Building Strong WASH Systems for the SDGs, Working Paper. IRC. The Hague. Netherlands
published under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License).
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3.2.5 Concept of Building Blocks
Mirroring the phrase ‘building blocks’ by Harvey and Reed (2004) IRC uses building
blocks to mean “sub-system of the larger WASH system” (Huston & Moriarty, 2018). Like
boundaries, building blocks are another form of simplification to take a complex system and
make it more manageable. IRC has identified nine building blocks required for WASH systems
strengthening (Figure 3.6). Each building block functions at different levels of governance and
involves different actors. As can be seen in Figure 3.6, sustainable WASH service delivery does
not just depend on infrastructure and finance, rather, it is essential that all the building blocks
work in harmony with one another to create positive feedback loops to achieve sustainable
WASH services.

Figure 3.6 International Water and Sanitation Centre Building Blocks for sustainable WASH
services. (Reprinted from Huston, A. and P. Moriarty (2018). Understanding the WASH System
and its Building Blocks. Building Strong WASH Systems for the SDGs, Working Paper. IRC.
The Hague. Netherlands published under the Creative Commons Attribution-NonCommercialShareAlike 3.0 License).
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The concept of a systems approach in the context of the WASH sector is still relatively
new. Valcourt, Javernick-Will, et al. (2020) recently completed a literature view of systems
approaches for the WASH sector looking at organizational, grey and peer-reviewed literature.
The authors found that there is a need for more studies looking at the ‘interactions or
relationships between factors’ related to the WASH system. Furthermore, the impacts over time
need to be reported to assess how the new WASH systems approach is working in different
contexts. These are valid points that should be considered as the WASH sector moves forward,
but it is still too early to determine the impacts.
3.2.6 Agenda for Change
Agenda for Change members are working in more than 25 countries around the world
strengthening WASH systems. All the members have committed to collaborating and collective
action for system strengthening. Additionally, members assist governments (national and local)
and key stakeholders in WASH systems so that “everyone, everywhere, has WASH services that
will last forever” (Tillett et al., 2020). In a recent report Agenda for Change (2020) describes
examples and experiences of implementing systems strengthening in different contexts. Key
takeaways from this report are covered below.
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Figure 3.7 Agenda for Change members currently working in the highlighted countries.
(Reprinted from Tillett, W., et al. (2020). Strengthening water, sanitation, and hygiene systems:
concepts, examples, and experiences, Agenda for Change published under the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License).
The building blocks framework for WASH systems has been adapted based on Agenda
for Change members’ experiences and insights from working in different contexts in many
countries. The WASH system is not an isolated system but overlaps many other systems such as
the education and health systems as seen in Figure 3.8. Agenda for Change members adapt the
building blocks based on where they work. For example, the framework has been modified to
incorporate gender equality and disability by WaterAID Timor-Leste. To emphasize that the
building blocks are a tool to see the system from different perspectives, IRC has started calling
building blocks ‘windows’ (Tillett et al., 2020).
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Figure 3.8 The WASH System and overlapping systems. (Reprinted from Tillett, W., et al.
(2020). Strengthening water, sanitation, and hygiene systems: concepts, examples, and
experiences, Agenda for Change published under the Creative Commons AttributionNonCommercial-ShareAlike 3.0 License).
Recent work in Rwanda has focused on using a district-wide approach to WASH service
delivery in five pilot districts (Bakker & Smits, 2020). The framework used in the pilot districts
can be visualized in Figure 3.9. From 2017 to 2019 districts worked on the assessment and
planning phases and finished with developing WASH plans. First, it is essential to understand the
system from the start, to map all the actors, factors, the capacity of regulatory agencies, the
political economy and all the interactions of these components that produce (or fail to produce)
service delivery. By mapping the system, it is possible to identify the system’s strengths and
gaps. In Rwanda, a baseline assessment of service levels was conducted, along with assets
analysis of water infrastructure, district officials and private operator capacity needs, calculating
costs for new infrastructure and replacing non-functional assets (Bakker & Smits, 2020).
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Figure 3.9 District-Wide Approach Components. (Reprinted from Bakker, E. and S. Smits
(2020). Application of the District-Wide Approach in 5 pilot districts of Rwanda: Lessons
Learned. The Hague, the Netherlands published under the published under the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License).
After completing the assessment phase, districts began the planning phase creating a
vision of what service levels they wanted to achieve and maintain and defining priorities. To
meet their goal, districts must create a WASH plan that will map out the resources required to
progress from their current status to their goal and dedicate resources where they are needed.
According to Bakker and Smits (2020) a WASH plan consists of actors agreeing on a shared
vision, targets, data and information, and finance. The five pilot districts have written their initial
WASH plans which concentrated on investments needed. They are still developing plans for
O&M and capital maintenance. The districts are currently searching for funding to finance the
implementation phase. After new or existing services have been delivered, service levels are
monitored to verify the level of service commitment is upheld.
In conclusion, the water sector has evolved noticeably from a supply-driven approach, to
demand-driven community management approach, to community management with post35

construction support and now to a WASH systems approach. Undoubtedly, the current
theoretical framework and building blocks will continue to evolve over time based on
collaboration and collective learning and adaptation for systems strengthening. The future is
hopeful for countries that are using a WASH systems approach and with time will have the
capacity to not only meet but maintain the targets set by the Sustainable Development Goals.
3.3 Monitoring
The Joint Monitoring Program has reported significant gains in drinking water services
since it started reporting in 1990. The challenge of achieving SDG 6 is not only providing the
infrastructure for WASH services but also sustainable services. In the past there has been reports
of high levels of non-functionality for handpumps but also piped water systems (Baumann, 2009;
Lockwood et al., 2003; Lockwood & Smits, 2011; MacCarthy et al., 2017; RWSN, 2009; Smits
et al., 2013; World Bank, 2017b). The problem of non-functionality is coupled with a decline in
WASH services regarding quality, accessibility, reliability, availability, and affordability, criteria
for safely managed drinking water service (Schweitzer et al., 2014). A study in Central America
found that rural water committees and households requested technical assistance and training to
improve or fix their water system (Sabogal et al., 2013). Communities need external support to
achieve safely managed drinking water service. Without monitoring WASH service levels, it will
be extremely difficult to know who is left behind, generally the most marginalized and remote
groups of people (Huston et al., 2019).
3.4 Sustainability Assessment Tools
It is crucial that governments and NGOs are able to monitor the progress they are
making, learn from their experiences and adapt their programs when necessary to achieve SDG
6. Lockwood (2019) addresses the reality that community-based management will remain an
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important part of rural water service delivery due to the nature of remote, dispersed rural
communities and difficulty for institutions to reach those communities. Therefore, sustainability
assessment tools will play an essential role in tracking progress so that resources can be allocated
where they are needed to meet the target for water for everyone, forever.
Development organizations, donors, NGOs and United Nations agencies have all created
sustainability assessment tools to monitor WASH service levels and track progress towards the
SDGs. Schweitzer et al. (2014) reviewed 25 sustainability assessment tools as part of the TripleS project. The tools had to meet four criteria 1) track record, 2) specific content, 3) clear and
reproducible process, and 4) synthesize data to produce an output. There is variety in the
intended scope and life cycle stage each tool was designed for, though most focus on the longterm stages within a project scope. Table 3.5 compares twelve sustainability assessment tools for
the rural water sector that have been used around the world.
Table 3.5 Twelve Sustainability Assessment Tools for rural water systems (adapted from
Schweitzer, Grayson et al. (2014))
Tool Name
Sustainability Assessment
Tool

Organization
AGUASAN

Scope
Project,
program,
sector

Issues
difficult to use, 110 questions
divided over 22 indicators

WASH Life-Cycle
Assessment

University of South
Florida

Project,
program

May need to be adapted for each use

Sustainability Monitoring
Framework

Consortium of NGOs

Project

Not very user-friendly, complex
data entry

WASHCost Tool

IRC

Project,
Program

Focus on water and sanitation
service levels and costs

Sustainability Index

Kayser et al. (2014)

Project

Focus on the community

Sustainability Index Tool

USAID-Rotary
International

Project,
Program

Donor tool with lack of national and
local government buy-in

Tool for Planning, Predicting
& Evaluating Sustainability

Water and Sanitation
for Africa

Project,
Program

Only focuses on water supply
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Table 3.5. (Continued)
WASH Sustainability Sector
Assessment Tool

IRC / Aguaconsult

Sector

Tool needs to be modified based on
each context

Rural Water and Sanitation
Information System

Water and Sanitation
Program / IRC

Sector

Difficult to adapt platform and
mobile data collection system

Sustainability Assessment
Tool

Michigan
Technological
University
Michigan
Technological
University

Project

Does not do water quality tests

Project

Does not do water quality tests

Project

Technically complicated, assumes
the water quality is safe

Post-project Assessment
Decision-Making Tool

University of South
Florida

After review of the Sustainability Assessment Tools, five tools were selected for further
evaluation based on their applicability to rural gravity-fed water systems in the context of
Panama. The five tools included Kayser’s Sustainability Index, Rural Water and Sanitation
Information System, Schweitzer’s Sustainability Assessment Tool, Suzuki’s Post-Project
Assessment, and Galicia’s Decision-Making Tool (Galicia, 2019; Kayser et al., 2014;
Schweitzer, 2009; SIASAR, 2016; Suzuki, 2010). Each tool is reviewed in more detail below.
Kayser et al. (2014) studied the impacts of a Circuit Rider Post-Construction Support program in
four provinces in El Salvador. The study randomly selected twenty-eight study communities
(Circuit Rider) and thirty-two control (no Circuit Rider) communities. Water quality tests
included microbiological (E. Coli and total coliforms) and residual chlorine tests. The
Sustainability Index used 34 indicators over four parameters: technical capacity, financial
management, administrative management and water supply conservation.
The Rural Water and Sanitation Information System in English is better known by its
Spanish acronym SIASAR (Sistema de Información de Agua y Saneamiento Rural). It is the
result of a collaboration in 2011 between Honduras, Nicaragua, Panama and the World Bank to
create an information platform to aid in planning, managing, and monitoring rural water and
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sanitation (SIASAR, 2016). SIASAR analyses the level of service from the perspective of four
key areas: community, service provider, system, and technical assistance provider. Using these
four perspective SIASAR uses four questionnaires to measure sustainability of water and
sanitation services using variables known to affect sustainability (World Bank, 2017a). The goal
of this tool is to use evidence-based planning to support decision-making for governments
(national and sub-national), regional and international institutions, and NGOs (Requejo-Castro et
al., 2017).
Recent literature reports positive findings for SIASAR’s ability to show impacts of
external support and monitor service levels in rural dispersed water systems (Borja-Vega et al.,
2017; Requejo-Castro et al., 2017) . SIASAR makes the data public through an online platform
allowing governments, NGOs and others to have up-to-date information on the level of service,
compare data over time and location, and develop short- and long-term strategic plans. A
strength of the web platform is utilizing maps to visualize the data, an easy way for non-technical
audiences to understand different WASH services levels (Requejo-Castro et al., 2017).
Schweitzer (2009); Schweitzer and Mihelcic (2012) created the Sustainability
Assessment Tool to measure the likelihood of sustainability in community managed rural water
supplies in the Dominican Republic. Eight indicators with fifteen specific measures, seen in
Table 3.6, are given one of three scores, sustainability likely, or sustainability possible,
sustainability, unlikely. Schweitzer adopted a weighting system from Lockwood et al. (2003)
since indicators should be valued differently. The overall sustainability score is calculated by
multiplying the indicator score by the weighting factor.
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Table 3.6 Schweitzer’s Sustainability Assessment Tool Adapted from Schweitzer (2009)
Indicators of the Sustainability Assessment Tool
Activity
Participation Governance Tariff
Accounting Financial
Repair
System
Level
payment transparency durability
service
function
Active
water
committee
members

Average
percent
attendance
at
community
meetings

Measures for each indicator
Decision
Percent Accounting Average
making
debtors ledger
level
process
payment
Report
frequency

Downtime Average
hours/day

Costs
Tariff
Wages
Connections
Savings

Average
days/week

Suzuki (2010) evaluated 28 water systems built by Peace Corps volunteers using the
Post-Project Assessment tool created to evaluate gravity-fed water distribution systems. Ten
indicators, seen in Table 3.7, are based on four categories that Lockwood (2002) found to be
common problems among community managed water systems, namely, physical infrastructure,
financial, managerial or organizational, and environmental. The author argues that the study’s
methodology is better at measuring long-term sustainability based on observations rather than
indicators of sustainability (e.g.(Schweitzer, 2009)). Indicators are scored using three categories
1) unacceptable conditions represented by a range 1 to 2, 2) deteriorating conditions represented
by a range of 2.5 to 3.5, and 3) ideal conditions represented by a range of 4 to 5.
Table 3.7 Suzuki’s Post-Construction Assessment tool categories and indicators.
Physical
Infrastructure
Source Catchment
Transmission Line

Financial
Willingness to Pay
Accounting
Transparency

Managerial /
Environmental
Organizational
Maintenance
Watershed
Active Water
Committee Members

Storage Tank
Distribution System
System Reliability
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Galicia (2019) created a Decision-Making Tool for building or rehabilitating springsourced gravity-fed water distribution systems managed by communities. The tool is unique
because it is meant to be used for implementing new projects and monitoring and evaluation so
that the best option for the community is selected. The tool was created using a holistic definition
of sustainability which incorporates social, economic, technical, and environmental factors. The
author drew from three years of field experience, literature from the WASH sector, and three
sustainability assessment tools (SIASAR, Peace Corps Panama’s WASH Index, and
Schweitzer’s tool) to create the Decision-Making Tool. The author used EPANET (a drinking
water distribution system modeling software developed by the US Environmental Protection
Agency) to create a baseline model for the water system in the study site and compared
alternative designs to the baseline to measure system function. The environmental impacts of
different alternative projects were estimated using a robust life-cycle assessment tool called
SimaPro. Water Quality or chlorine concentration are not part of the tool since the tool is specific
to spring sources and should be ‘relatively clean’ and disinfection is not dependent on the design
of the system (Galicia, 2019).
The five Sustainability Assessment Tools evaluated all had similar indicators to measure
the sustainability of a community managed water system. SIASAR was selected as the best
option for several reasons: 1) the Panamanian government helped create it and is currently using
it, 2) the water system survey includes water quality tests, which Schweitzer’s, Suzuki’s, and
Galicia’s tools omit, 3) the online platform maps out the data making it easy to see progress over
time.
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3.5 SIASAR in detail
In 2012, SIASAR 1.0 was launched with three members. Today there are twelve
members Bolivia, Colombia, Costa Rica, Dominican Republic, Honduras, Kyrgyzstan,
Nicaragua, Panama, Paraguay, Peru, and the state of Oaxaca, Mexico and Ceara, Brazil. Since its
creation SIASAR has evolved through a collaborative process between members and partner
organizations via regional meetings, follow-up reports, and videoconferences (SIASAR, 2016).
The result of this collaboration is SIASAR 2.0, launched in 2017, which included updates in
several areas: 1) adapting to lessons learned, 2) improving indices for each component of service,
3) harmonizing with the SDGs global monitoring standards, and 4) adapting SIASAR to the
changing needs of its members (World Bank, 2017a)

Figure 3.10 Water and Sanitation Performance Index. (Reprinted from Consolidation,
Improvement and Expansion of the Rural Water and Sanitation Information System, World
Bank, Washington, DC with permission from the copyright holders, World Bank Group).

42

The historical tendency to favor new infrastructure is addressed in SIASAR 2.0 by using
a holistic approach to look at the level of service from four different perspectives, community,
water system, service provider, and technical assistance provider. The Water and Sanitation
Performance Index for rural communities, seen above in Figure 3.10, is created from sixty
indicators from four questionnaires that represent each perspective. The new framework, seen in
Figure 3.11, harmonizes with the WASH sector’s shift to focus on levels of service and identify
sustainability gaps. SIASAR 2.0 is a powerful monitoring tool that is an important building block
which provides crucial information to other building blocks.

Figure 3.11 SIASAR’s Water and Sanitation Performance Index Framework. Reprinted from
Consolidation, Improvement and Expansion of the Rural Water and Sanitation Information
System, World Bank, Washington, DC, (reprinted with permission from the copyright holders,
World Bank Group).
The Water and Sanitation Performance Index is made up of six ‘dimensions’ or levels of
service that in turn are comprised of four components. The six dimensions are grouped into two
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partial indices, Water, Sanitation and Hygiene Service Level Index and Water Services
Sustainability Index. There are also two additional indices (Lack of Components and Low
Performance Components Index) which help deal with problems with insufficient data to
calculate the Water and Sanitation Performance Index.
Data collected from the questionnaires are run through a utility function to transform
indicators into dimensionless numbers (from 0 to 1) to avoid adding indicators with different
units. The classification for indicators depends on what the indicator is measuring. For example,
seasonality, a component of the Water Service Level, is calculated by assigning a value for
utility function based on how the theoretical water demand (Dt) compares to the flow rate (Q) of
the source. The theoretical demand is the amount of water supplied in a 24-hour period to users
using the WHO recommended 80 L/day (WHO, 2003) Table 3.8 shows utility function values
corresponding to each level of service. All the utility functions can be found in SIASAR 2.0
Conceptual Model document on siasar.org.
Table 3.8 Utility function for water service level component seasonality
Utility function

Seasonality

0

0.4

0.7

1

Dt > Q

Dt < Q
insufficient in
dry and wet
season

Dt < Q
insufficient in
dry or wet
season

Dt < Q
Sufficient in
dry and wet
season

Components and dimensions are assigned equal weights to make interpreting the data
simpler and giving each dimension the same relative importance. During the process of creating
SIASAR 2.0 it was decided to use additive aggregation for the components which make up each
dimension. Conversely, a geometric function is used to calculate the partial and general indices.
The algorithms used to calculate the components, dimensions, and partial indices have changed
in the latest conceptual model for SIASAR 2.0. The SIASAR Conceptual Model document,
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SIASAR (2016), contains all the formulas needed to calculate the water and sanitation service
levels. A selection of formulas is provided below to demonstrate the difference between additive
and geometric aggregation. Equation 1 uses geometric aggregation to calculate the Water and
Sanitation Performance Index (WSP) using the Water, Sanitation, and Hygiene Service Level
Index (WSHL), Water, Sanitation, and Hygiene Service Level Index (WSSI). Similarly,
Equation 2 calculates WSHL from its respective dimensions or levels of service. Equation 3,
however, uses additive aggregation to calculate the Water Service Level (WSL).
WSP = √WSHL ∙ WSSI

(1)

where, WSP = Water and Sanitation Performance Index (unitless),
WSHL = Water, Sanitation, and Hygiene Service Level Index (unitless), and
WSSI = Water, Sanitation, and Hygiene Service Level Index (unitless)
3

WSHL = √𝑊𝑊𝑊𝑊𝑊𝑊 ∙ 𝑆𝑆𝑆𝑆𝑆𝑆 ∙ 𝑆𝑆𝑆𝑆𝑆𝑆

(2)

where, WSHL = water, sanitation, and hygiene service level index (unitless),
SHL = sanitation and hygiene service level (unitless), and
SHC = schools and health centers (unitless)
1

WSL = 4 [ACC + CON + SEA + QUA]

(3)

where, WSL = water service level (unitless), ACC = accessibility, CON = continuity,
SEA = seasonality, and QUA = quality
Components, dimensions and indices are classified using a rating scale of A – B – C – D
to provide clear results to stakeholders decide where to devote more resources. The rating scale
uses different intervals, “A” is [0.90 – 1], “B” [0.70 – 0.89], “C” [0.40 – 0.69], and “D” [0 –
0.39]. For example, Figure 3.12 demonstrates functionality level with respect to the rating scale
to represent the level of service and intervention required.
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Figure 3.12 SIASAR classification scale in terms of functionality level. (Reprinted from
Consolidation, Improvement and Expansion of the Rural Water and Sanitation Information
System, World Bank, Washington, DC, with permission from the copyright holders, World Bank
Group).
In conclusion, SIASAR is a powerful tool that can help stakeholders prioritize areas with
lower levels of service. Recent literature has validated SIASAR as an “adequate platform to
assess dispersed rural water systems” (Requejo-Castro et al., 2017). Borja-Vega et al. (2017)
found SIASAR to provide “strong quantitative evidence of the importance of user tariffs,
capacity building of community water boards, and post-construction support in enhancing the
sustainability of water supply services and water systems.” Truly, SIASAR is a valuable addition
to the myriad of sustainability assessment tools in the WASH sector.
3.6 Organizational Structure of the Rural Water, Sanitation, and Hygiene Sector in
Panama
In the Context of Panama, rural indigenous areas such as the Comarca Ngäbe-Buglé the
provision of water and sanitation is provided through a complex interaction between different
sectors and levels of government and NGOs (World Bank, 2018a). The central authority in
charge of the WASH sector is the Ministry of Health (MINSA) with the Directorate for the
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Potable Water and Sanitary Sewage Subsector (DISAPAS, in Spanish) working beneath MINSA.
The mission of DISAPAS is to “Formulate and coordinate the policies and planning of the
drinking water and sanitary sewage subsector” (DISAPAS, 2020). In accord with this mission
DISAPAS (2020) has the following roles:
1. Design and promote mechanisms to encourage efficiency and effectiveness in the
administration, management of drinking water supply and sanitary sewer systems
2. Promote the organization of rural communities as support mechanisms in the
management and administration of systems
3. Promote the expansion and improvement of existing services as well as the
expansion of coverage to new communities.
The organization of DISAPAS is further divided into four administrative units: (1) subdirection (an office that directs, executes, and controls the plans and programs of different areas
in an institution). , (2) Department of Drinking Water and Wastewater Quality, (3) Department
of Drinking Water and Sanitary Works (DAPOS, in Spanish), and (4) Section of Wells,
Aqueducts and Sanitary Works. Water and sanitation provision in communities with a population
greater than 1,500 inhabitants are served by Institute of National Aqueducts and Sewers
(IDAAN, in Spanish). For communities with fewer than 1,500 inhabitants, (i.e. most
communities in indigenous areas) Water Association Committees (JAAR, in Spanish) and the
service provider authority the Department of Drinking Water and Sanitation (DAPOS) are
charged with providing water and sanitation.
There are multiple government agencies which overlap responsibilities in rural
indigenous areas. The National Council for Sustainable Development (CONADES, in Spanish)
overlaps with DISAPAS. Furthermore, decentralization of the government has led to the creation
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of the National Secretariat for Decentralization (SENADE / SND, in Spanish) which is supposed
to fund water and sanitation projects through municipalities and local political leaders. The local
political leaders are called Honorable Representatives who are elected every five years and with
the new decentralization legislation have $77,000 each year to invest in their respective areas.
Recently, DISAPAS has deferred construction of water and sanitation infrastructure to
CONADES and SENADE. Technical assistance, training, and monitoring of JAARs is provided
by DAPOS. Figure 3.13 shows in detail the shared responsibilities between actors for the WASH
sector in Panama.
According to a World Bank (2018a) report “The coexistence of DISAPAS, CONADES,
and SENADE creates confusion for comarcas and fragments the relationships between
indigenous communities and national-level authorities.” Furthermore, there is no standard for
how projects are implemented, and the participatory processes vary significantly regarding
participatory processes between agencies. The Panamanian government prioritizes constructing
and rehabilitating WASH infrastructure over management and O&M of existing systems
(DISAPAS & CIAPAS, 2016; Mason et al., 2013; World Bank, 2018a). This is clearly seen in
the General Budget which allocated almost quadruple the amount of money ($160 million) to
CONADES compared to DISAPAS ($42 million) despite DISAPAS having more responsibilities
to ensure service provision.
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Figure 3.13 The Institutional Architecture for the WASH sector in Panama. Reprinted with
permission from Mujica, A., and L. Azcárate. 2017. “Agua potable y saneamiento en territorios
indígenas en Panamá: falencias y oportunidades para un mejor servicio.” Background paper for
the Panama WASH Poverty Diagnostic. World Bank, Washington DC.
Even though DISAPAS has provincial and district offices in most provinces and
comarcas it “lacks the capacity to take on new WASH systems and adequately train and support
JAARs” (World Bank, 2018a). Moreover, due to the top-down hierarchy of the government
regional offices do not have much autonomy (Suzuki, 2010). Provinces also face problems of
being understaffed, lacking building materials and sufficient funding to serve all the rural
communities in their province. Some technicians are expected to serve hundreds of communities
(Moritz, 2016). This is especially challenging in the provinces of Bocas del Toro and the
Comarca Ngäbe-Buglé where the rural communities are difficult to get to and are often
dispersed. Many positions in MINSA change every five years with each change of government.
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Consequently, this constant change in personnel hinders agencies from creating institutional
memory and trained civil servants (Lockwood 2003).
The Panamanian government passed executive decree No. 1839 of December 5, 2014
which states rural water committee’s roles and responsibilities. The rural water committee, called
a Junta Administradora de Acueductos Rurales (JAAR) is a nonprofit community organization
elected every four years with public interest responsible for operating and maintaining the rural
waster system in their community. The water committee consists of seven members, seen below
in Table 3.9, who volunteer to be responsible for the water system. Depending on the size of the
community there may also be an operator and an administrator who have the responsibility of
operating and maintaining the system for the community.
Table 3.9 Positions of the water committee
Position and
number of
members
1 President
1 Vice-president
1 Secretary
1 Treasurer
1 Fiscal
2 Vocal

Responsibility
Leads the water committee
Replaces the president when he or she is absent
starts meetings with agenda and takes meeting minutes
In charge of finances of the water committee
Makes sure the water committee and its members fulfill their commitments
Messenger that informs the community of any meetings or any important
information

The JAAR can become legalized through the Ministry of Health (MINSA) who is
required to monitor water committees. MINSA is also required to train water committees and
provide technical or administrative assistance to JAARs. They are even supposed to fine water
committees that do not disinfect their water with chlorine. Many water committees are
incomplete and do not fulfill all the commitments required of them by Executive Decree No.
1839 (Suzuki and Braithwaite 2009). This is not surprising because there is no incentive for
people to be on the water committee and they are the first ones blamed when there is a problem
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with the water system. Sometimes water committees and consequently the water system fail
when a conflict cannot be resolved. These challenges make it difficult for rural communities to
sustain the water system without additional support.
3.7 Peace Corps Panama’s Water, Sanitation, and Hygiene Program
The U.S. Peace Corps has a long history working in Panama. Beginning in 1963, Peace
Corps operated in Panama for eight years until leaving in 1971. Peace Corps was invited back to
Panama in 1990 and continues to work there today. Peace Corps Panama has four sectors
including sustainable agriculture systems, community environmental conservation, teaching
English and life skills, and water, sanitation, and hygiene (WASH). Each program works to
achieve goal one of Peace Corps “to help the people of interested countries in meeting their need
for trained men and women” (Peace Corps, 2020).
Every five years Peace Corps Panama endeavors to meet with each new administration
after a new president has been elected to align their goals with the goals of the new
administration. The Water, Sanitation, and Hygiene program works closely with the government
agency DISAPAS (under the Ministry of Health) to harmonize their goals. Peace Corps fills a
niche in rural water and sanitation because DISAPAS is understaffed, underfunded, and lacks
adequate resources to support rural communities and water committees (Peace Corps Panama,
2016).
Historically, the WASH program was called the Environmental Health program but was
renamed in 2016 when Peace Corps Panama updated its framework to harmonize its objectives
with DISAPAS. The overarching goal of the new framework is to build the capacity of rural
Panamanians to improve their access to water and sanitation and to adopt more healthy WASH
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behaviors (Peace Corps Panama, 2016). The WASH program developed three objectives to work
towards achieving this goal, which are:
1. Legalize and strengthen rural water committees to better manage water and
sanitation resources within their communities
2. Build the capacity of community groups and households to build, repair, and
maintain locally appropriate water and sanitation systems
3. Empower and motivate individuals (especially women and youth) to adopt
healthy water, sanitation, and hygiene practices and behaviors
Each year approximately 50 Peace Corps volunteers serve in the WASH program
performing a variety of work in their communities to carry out the three main
objectives of the WASH program. Work ranges from building or rehabilitating
water distribution systems to handwashing presentations to construction of
Ventilated Improved Pit latrines to strengthening the capacity of the water
committee(s) to ensure sustainability of the system.
Most WASH volunteers serve in indigenous communities in the provinces of Bocas del
Toro and the Comarca Ngäbe-Buglé with the remaining volunteers serving in Latino
communities in the province of Coclé. Typically, volunteers serve in mountainous areas and thus
the water distribution systems are ‘gravity-fed’ as they use no mechanical energy. Many
volunteers have a background in engineering and have some technical experience prior to
serving however there are many non-engineers as well. Peace Corps provides ten weeks of
language, cultural, and technical training to volunteers before they commit to serving two years
in their respective communities.
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New volunteers form professional relationships with the provincial directors and district
technicians throughout their service starting with meetings with DAPOS and MiAmbiente, the
government agency that is focused on environmental conservation. At each meeting volunteers
introduce themselves and meet their agency counterparts. During the first three months in their
community, volunteers work hard to integrate into their community and do a participatory rural
appraisal which includes community mapping, daily activities, seasonal calendars, needs
assessment and priority ranking. In addition, a WASH Index created by Peace Corps Panama is
completed for baseline data collection. The results of these activities are written in a community
assessment and development plan which is turned into the provincial provincial/comarca
DAPOS office to inform them what work each volunteer might be doing with their community.
During their two years of service volunteers collaborate with the provincial/comarca DAPOS
office frequently on a variety of activities including formalizing and legalizing water
committees, soliciting materials such as PVC pipes or in-line chlorinators, co-facilitating water
committee trainings or hygiene education activities, and filling out SIASAR surveys.
Despite the Peace Corps and DISAPAS committing to collaborate on increasing SIASAR
baseline data in the Comarca Ngäbe-Buglé there are very low levels of data compared to the
number of legalized JAARs. Additionally, neither Peace Corps Panama nor DISAPAS has
information on the sustainability of the drinking water systems after they have been built. The
only study that assess the sustainability of various rural water systems in Panama is Suzuki
(2010). However due to Peace Corps’ policy of working in a community for a maximum of six
years (per sector) the Peace Corps does not have any records from Suzuki’s research. Volunteers
that construct water systems turn in an as-built report to the local DAPOS office, but their
records are not digitized so it is unlikely that DAPOS records the systems built by Peace Corps
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and even less likely to receive follow-up support unless the community solicits it. Thus, this
thesis serves to fill a knowledge gap in the sustainability of rural water systems built in the
Comarca Ngäbe-Buglé and the ability of the JAAR to properly disinfect the water to a level that
will kill most pathogens and promote wellbeing of the community.
3.8 Peace Corps Master’s International Program
In the past Peace Corps had a program called Master’s International which allowed Peace
Corps volunteers to fulfill their graduate research requirements during their two-year service.
Peace Corps has since phased out this program which lasted nearly thirty years. The University
of South Florida (USF) participated in this program and requires a science-based research thesis
as one of the requirements to fulfill a Master’s degree. Many Peace Corps Panama Volunteers
have completed their research in Panama with a strong emphasis in water supply and treatment
and sanitation. Table 3.10 provides three examples of research performed by USF Master’s
International students who served in Panama.
Table 3.10 Recent USF Master's International Students Research in Panama
Author

Michelle Roy
2016
(Panama)

Description
Studied the effect
on serviceability
when new
connections are
added to an
existing gravity-fed
water system

Results
• Found that there is a negligible effect on reliability of
water service when additional connections are added to an
existing system when flow reducers are used
• Identified patterns to recommend the community which
flow reducers to use when adding a new connection so that
they can correctly size the flow reducer autonomously
• Created a sustainable flow reducer guide for the WASH
program explaining the purpose of flow reducers, how to
make and install them, and best practices
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Table 3.10. (Continued)

Jacob Mangum
2017
(Peru)

Studied the
sustainability of
communitymanaged rural
water systems in
Amazonas, Peru

• Created a sustainability assessment tool matrix based on a
literature review and expert opinions regarding which
factors are more significant for monitoring sustainability of
RWS
• evaluated three sustainability assessment tools used in
Amazonas, Peru using the sustainability assessment tools
matrix based on eleven different criteria
• Identified SIASAR as the most appropriate of the three
tools for ensuring sustainability of rural water systems

Maria Briones
2018
(Panama)

Oswaldo
Galicia 2019
(Panama)

Following the
recommendations
of Roy (2016) the
author validated
the program
Neatwork by
measuring flow
rates at taps and
comparing results
to simulated flow
rates

• Simulated flows tended to overestimate flows compared
to field test results and failed to produce statistically
similar results for combinations of 30-80% of taps open

The author created
a decision-making
tool for building or
rehabilitating
spring-sourced
gravity-fed water
distribution
systems managed
by communities

• A holistic definition of sustainability which incorporates
social, economic, technical and environmental factors is
built into the tool

• The combination of taps open did not influence which
orifice coefficient (0.62 vs 0.68) a tap favored, usually,
favoring one coefficient over another with neither being
more accurate than the other
• Flow rates at some taps may be affected when the
elevation of the water is higher than the default set by
Neatwork, the level of the outlet of the tank

• The tool can be applied to different life-cycle phases such
as planning and monitoring and evaluation
• Additional software including EPANET and SimaPro are
used to estimate environmental impact, labor, and costs of
various alternatives
• The author successfully validated the tool by applying it
to rural indigenous community as a monitoring and
evaluation tool
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Chapter 4: Data Collection Methods
4.1 Introduction
The goal of this research is to evaluate the efficacy of Peace Corps Panama’s
Environmental Health and Water, Sanitation, and Hygiene programs in regard to the rural water
and sanitation of communities in Panama. This study proposes using a case-control design to
assess how Peace Corps volunteer in the Environmental Health and Water, Sanitation, and
Hygiene programs have impacted water quality in terms of microbially safe water and
sustainability indicators in randomly selected intervention (PC) and control (non-PC)
communities. This study seeks to study communities in three districts of the Comarca NgäbeBuglé, Mironó, Nole Duima, and Müna. The purpose of this study is to learn what impact Peace
Corps has had in rural communities in terms of water quality and water system sustainability. It
is important to know not only what factors lead to success but also what factors lead to failure.
The findings from this research can then promote the necessary changes needed for rural
communities to properly disinfect their water and to maintain and operate their system
indefinitely.
This research will address a knowledge gap in community managed water systems in
Panama by shedding light on the importance of capacity building of JAARs, post-construction
support, and other indicators of sustainability through quantitative data . The methods build off
of Kayser et al. (2014) replacing the authors Sustainability Index with the more powerful
SIASAR 2.0 coupled with a Ct methodology to assess whether the chlorine concentrations is
high enough to kill most waterborne pathogens. Figure 4.1 shows the topics that are covered in
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this section, the four SIASAR Surveys, an additional survey for the Water Service Provider and
instructions for water sample collection and Ct method for disinfection.

Figure 4.1 Hierarchy of the tools for this study’s methodology for assessing what factors of
sustainability and external support influence the service provider’s ability to properly disinfect
water with chlorine to an internationally recognized Ct value
4.2 Locations of study sites
This investigation is devised to study rural indigenous communities in the Comarca
Ngäbe-Buglé (CNB) on the Pacific side of the CNB, namely, in the districts of Mironó, Nole
Duima, and Müna. The districts were selected by looking at past and present records of where
PCVs in the Environmental Health (EH) and/or Water, Sanitation, and Hygiene (WASH) sectors
have served with regards to the Pacific side of the CNB. The majority of which, were found to
be in these three districts, seen below in Figure 4.2.
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Figure 4.2 Study and Control Communities in 3 Study Districts in the Comarca Ngäbe-Buglé.
Sources include national census of population and housing 2010 national institute of statistics
and census comptroller general of the republic of Panama, Esri, HERE, DeLorme, Intemap,
increment P Corp., GEBCO, USFS, FAO, NPS, NRCAN, Geobase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), Swisstopo, MapmyIndia, ©
OpenstreetMap contributors, and the GIS User Community
The subjects of this research are the rural water committees (JAARs in Spanish) that
operate and maintain the community managed water system. The JAAR must meet three criteria:
1) it must be a legalized water committee, 2) it must have a functioning aqueduct, and 3) it must
have an in-line chlorinator. The subjects will be divided into two groups. The first group of
JAARs will be randomly selected from a list of communities that have had PCVs from the EH or
WASH sectors. The second group, the control group, will be randomly selected from a list of
JAARs that have not had a PCV in the EH or WASH sector, are similar in demographics
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(population and size of water system) and geographically near (within 5 km of) a JAAR in the
first group. Census data from the last census in 2010 will be used to compare population size.
The DAPOS technicians are a valuable resource because all of them are Ngäbe, speak the local
language Ngäbere, and have many years working in the areas of study. Their knowledge of the
water systems helped narrow down the list of JAARs that met the three criteria. Data collection
methods for surveys.
4.3 Data Collection Tools
This research will use a mixed-methods approach to collect quantitative and qualitative
data in the form of observations, key informant interviews, and surveys. The use of multiple
approaches helps to triangulate data to look at the evidence from multiple perspectives to
eliminate bias and verify the information collected. The methods described above will be used to
collect information on the community, water committee, and the water system(s) in each
community. The SIASAR Technical Assistance Provider survey will be given to District
technicians that work for DAPOS in charge of overseeing the JAARs in their district. The tools
used to collect this data are described below.
Table 4.1 Data collection tools
Tool
Observation
Key Informant Interviews
Surveys
SIASAR: Community
Survey

Description of tool
Verify the actual state of infrastructure and maintenance
during transect walk
Semi-structured interviews with individuals that have
firsthand knowledge will be used to triangulate information
from observations and surveys
Collects information on access, location, population,
coverage, households, health and hygiene practices

SIASAR: Service Provider
Survey

Collects information on administrative capacity, legal status,
and O&M practices

SIASAR: Water Supply
Survey

Collects information on water point, infrastructure, treatment
and system classification
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Table 4.1. (Continued)
Knowledge of Chlorination
Survey

Assess the service provider's knowledge of the purpose of
chlorination and how to properly treat the water system

Service Provider External
Support Survey

Asks the service provider additional questions regarding
external support

MINSA Technician Survey

Asks MINSA Technicians about their role and experiences
providing support to service providers

4.3.1 Observation
Observation, participant and non-participant, is an important method to collect data to
distinguish the difference between people’s perceptions of reality, subjective reality and
objective reality. It is normal in some cultures to exaggerate or on the other end of the spectrum,
understate things. This is not done to be deceitful; it is just a custom people have. For this reason,
observation is very valuable for triangulating data collected using other tools and verifying
objective data gathered during the transect-walks when filling out the SIASAR surveys.
4.3.2 Key informant interviews
Communities have a wealth of knowledge regarding the past and present status of their
water system and the water committee. To tap this wealth of knowledge this study will use key
informant interviews to collect qualitative and quantitative data using semi-structured interviews.
Depending on the availability of the community information for the three SIASAR surveys may
be filled out with the community and/or water committee. If there is an operator for the water
system, he or she will be interviewed if they are available. The District technician(s) will also be
interviewed to help triangulate information collected from JAARs.
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4.4 SIASAR Surveys
4.4.1 Community Survey
The three SIASAR surveys not including the Technical Assistance Provider survey are
based on the SIASAR field protocol document available on siasar.org. The community survey is
one of the three surveys for SIASAR which is used to calculate a score for the performance and
sustainability of water and sanitation services over time. The survey was developed to account
for the most relevant characteristics that appraise the community in terms of the performance of
the level of service for water, sanitation, and hygiene.
The questions are arranged into five groups: 1) general information, 2) sanitation and
hygiene, 3) schools, 4) health centers, and 5) interventions. The general information section asks
what the geopolitical boundaries are, location, demographics, water system coverage, and public
services. The next section inquires about household sanitation facility and hygiene, and solid
waste collection and disposal. The sections for schools and health centers cover the same
information, collecting specific information about the general characteristics, and the state of the
water, sanitation and hygiene infrastructure at each facility. The last section asks about any
scheduled or in progress interventions. The categories of interventions are water system supply
improvements, new water system, improved Type 1 or Type 2 Sanitation, Unimproved
Sanitation. There is a section for comments and observations at the end of the survey to add any
qualitative data about the previous sections. The comments do not contribute to the rating
system.
Upon arrival to each community a community meeting will be held with community
leaders and members in their usual meeting place. The purpose of the meeting is to explain the
objective of the visit and to create an agenda with the community for the activities for the rest of
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the day. Data collection methods for collecting information about sanitation and hygiene will be
discussed. Ideally, members of the community will be selected to help collect this information.
This meeting will also serve to fill out the community survey. The author or research assistant
will fill out the community survey to ensure consistent recording.
4.4.2 Service Provider Survey
The service provider is the body that is responsible for supplying and administering the
water service for a water system(s). In the context of this study the service provider is the JAAR.
A JAAR may be responsible for one or more water systems depending on the size of the
community. To help identify which JAAR is responsible for different water systems the JAAR
will be identified with the unique code assigned to them in the document granting them their
legal status. This code will be used to match JAARs to specific water systems identified in
section A5 in the Community Survey.
The survey collects general information about the JAAR, its makeup including gender,
tariff collection, financial status, and operation and maintenance. The categories included in this
survey are seen below in Table 4.2. The categories aim to measure the performance of the JAAR
by evaluating them on their roles and responsibilities. This survey will be filled out with the help
of the members of the JAAR, namely, the President, Secretary, Treasurer, and Operator. The
President and Secretary can answer questions related to general information and administration.
The Treasurer can respond to questions regarding the finances of the JAAR. The Operator will
provide information about the operation and maintenance categories. Depending on the agenda
created in the community meeting this survey could be completed before or after completing the
survey for Water Supply System Survey and the visits to the school and health center.

62

Table 4.2 Service Provider Categories
Service Provider Survey Categories
1. General information
2. Financial information: regular
income
3. Financial information: expenditures
4. Operation and maintenance #2

5. Community organization information
6. Financial information: additional
revenue
7. Operation and maintenance #1
8. Comments

4.4.3 Water Supply System Survey
SIASAR defines a water supply system as the infrastructure that captures the water and
transports it to the point of consumption, typically a faucet outside of a house. This survey
corresponds to one water system. If a community has multiple water systems, it will be necessary
to fill out a survey for each water system. This survey will collect general information about the
system, sketch of the system, the state of the infrastructure, and the water quality and quantity.
The water system is evaluated on system autonomy, production infrastructure, water catchment
area protection and treatment system for the categories shown below in Table 4.3. The responses
in this survey are also used to calculate the water service level which is based on accessibility,
continuity, seasonality, and quality.
Table 4.3 Water System Evaluation Categories
Water System Evaluation Categories
1. General information and design
2. Transmission line(s)
3. Water storage infrastructure
4. Drinking water quality and quantity

5. Water source
6. Water treatment and infrastructure
7. Water distribution infrastructure
8. Comments

Information for this survey will be collected during a transect walk with the operator
and/or other members of the JAAR acting as the guide(s). The transect walk will cover the entire
system, water catchment, transmission line, chlorinator, water storage tank, and distribution
system. Geographic coordinates will be taken using a GPS at the water catchment, chlorinator,
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and water storage tank. The transect walk will begin at the water catchment where biological,
physical and chemical water samples will be collected and sent to the MINSA lab in San Felix
for analysis. Normally, water samples measuring the residual chlorine are taken at the tank.
However, this study will measure the residual chlorine when calculating the Ct value for
chlorine.
4.4.3.1 Water Quality
The Water Supply System survey includes physical, chemical, and biological water
samples collected at the source. The Ministry of Health has a water quality laboratory that
analyzes water samples free of charge for rural communities. The biological samples use IDEXX
Colilert test for total coliforms and E. Coli. Residual chlorine is normally collected with this
survey but will be omitted because the Ct method for disinfection will collect this information.
4.4.4 Technical Assistance Provider Survey
This survey is supposed to be completed by DAPOS/DISAPAS since they are the
technical assistance provider. Therefore, the author or other research assistance will not fill this
survey out.
4.5 User Knowledge of Chlorination Survey
In 2013, a USF Master’s International student Benjamin Yoakum wrote a thesis titled
Improving Implementation of a Regional In-Line Chlorinator in Rural Panama Through
Development of a Regionally Appropriate Field Guide. Yoakum developed the User Knowledge
of Chlorination Survey to assess the efficacy of training taught by himself and MINSA
technicians. This study will use the same survey and methods to assess if communities
understand what chlorination is used for and how to operate their chlorinator. This survey was
translated into Spanish and was reviewed by MINSA technicians to make sure members of the
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JAAR would be able to understand the questions. The User Knowledge of Chlorination Survey
can be found in Appendix G.
Yoakum divides the survey into two parts: general knowledge of chlorination and
knowledge about the in-line chlorinator. The former tries to evaluate the respondent’s knowledge
of why chlorination is important. The latter tries to evaluate the respondent’s knowledge of
where and how the chlorinator should be maintained and operated. Yoakum developed the
questions after reviewing literature and from personal experience as an Environmental Health
volunteer in Ño Kribo, Comarca Ngäbe-Buglé.
This survey is in addition to the three SIASAR surveys so it will not be included in the
calculations for the water and sanitation performance index. Instead, it is a tool meant to help
triangulate responses collected using the SIASAR surveys. SIASAR does not directly assess if
the service provider possesses the knowledge of why treating water with chlorine is important
and how to do it correctly. The purpose of this tool is to help identify any knowledge gaps the
JAAR may have. It is possible that the JAAR has been trained and has the knowledge of why it
is important to treat their water and they may treat it with chlorine but if it is below the
recommended 40 min-mg/L then the water could potentially be contaminated. The results of this
survey will guide the decision to give any follow-up, e.g. if the JAAR needs additional training.
If the average score of the JAAR reflects a lack of knowledge the author will work with the local
district technician to provide additional training to the water committee and community.
This study will copy the same methods used by Yoakum (2013). The survey will be
administered individually by the author or research assistants to members of the JAAR during
the visit to the community. The survey will be given orally in Spanish to members of the JAAR
because not everyone is literate even though this is a requirement to serve on the JAAR. The
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answers will be recorded on a separate survey for each participant in the field. This survey may
be given alongside the Service Provider Survey since the majority of the JAAR should be
present.
4.6 Cultural sensitivity
The author has spent two and a half years in the area being studied. The author has a
good understanding of the culture and appropriate behaviors, as well as a basic grasp of the
Ngäbere language. The author or research assistants who are PCVs will engage community
members in small talk in the local language, first by introducing him or herself and talking about
the weather or work in the finca (farm). When possible the author or research assistants will be
accompanied by a DAPOS technician who should be well recognized and able to speak Ngäbere
fluently to clarify any misunderstandings. Many PCVs adopt the local style of dress including
accessories such as hand-made hats and handbags which help in starting a conversation with
respondents and gaining their trust. Many people are aware of PCVs since we have been in the
area as far back as the late 1960s but especially since the early 2000s, as far back as the
Environmental Health program records go.
The volunteers currently serving in the area of study along with the MINSA technicians
will be used to notify communities and schedule meetings in advance when possible. The
amount of time required to collect the data for surveys is expected to take an entire day
depending on the size of the water system and the community. To ensure there is enough time to
gather all the information meetings will be scheduled early with the community to explain the
reason for the visit and to find someone to give a tour of the water system. In the case the
community cannot be contacted in advance the author or research assistant will do their best to
find someone with knowledge of the system preferably on the JAAR.
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4.7 Limitations
This study used the available secondary data sources to identify potential JAARs.
Unfortunately, the secondary data that does exist does not always match other records or the
records simply do not exist. The author spent many hours trying to match records to be able to
compare the two groups in the study. Another challenge in this study is that although the records
may indicate that the JAARs existed at one point it was difficult to check if the system was
currently functioning or had an in-line chlorinator that was being used. The author collaborated
with MINSA technicians to have them look over the list of JAARs identified in the three
districts. Unfortunately, there was not time for everyone to check the list. Those that did, were
not always able to recall if the water system was functioning or if there was an in-line
chlorinator, artisanal or manufactured. The total number of JAARS that are in the districts of
Mironó, Nole Duima, and Müna was found to be 252. There was not time to check how many of
these 252 JAARs have functioning water systems and an in-line chlorinator.
4.8 Sample size Calculation
In 2014-2015 ENASSER did a national survey that estimated that 55% of the population
in the Comarca NB got their water from a rural water system. According to the 2010 Census
records there are 128, 99, and 556 communities in Mironó, Nole Duima, and Müna respectively.
If the estimate from ENASSER is accurate that would mean, there are 431 communities with
access to a rural water system. A report by the UNDP with collaboration from the Panamanian
government contained a list of all the legalized JAARs in Panama up to 2015. The total number
of legalized JAARs in Mironó, Nole Duima, and Müna is 234. The author is assuming that a
legalized JAAR is more likely to maintain their aqueduct and receive post-construction support
and have an in-line chlorinator which is generally only available from MINSA. The following
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two equations were used to calculate sample size. Equation 4 is the formula to for a sample size
for a large or unknown population. Equation 5 is the correction for a finite population formula
which calculates the sample size for a small, finite population. This method was adapted from
Determining Sample Size (Israel, 1992).
𝑚𝑚 =

Z2α/2 p(1−p)
ϵ2

(4)

where, m = the sample size for a large or unknown population,
z = the value based on 1-α, the desired confidence level (e.g. 95%) for normal distribution
p = is the estimated proportion of the population with the characteristic you’re looking for
ϵ2 = the desired level of precision or confidence level expressed as a decimal (e.g. ±5% = 0.5)

where, n = sample size,

𝑛𝑛 =

1+

𝑚𝑚

(𝑚𝑚−1)
𝑁𝑁

(5)

m = the sample size for a large or unknown population,
N = the population size from which the sample will be taken
4.9 Evaluation of the Efficacy of Chlorination
One method for disinfecting water is using the Ct value where the concentration (C in
mg/L) of the disinfectant (i.e. chlorine) is multiplied by the contact time (t in min) of the
disinfectant with the water. Orner et al. (2017) provide an introduction to water disinfection and
the Ct method proposed in this study. The Ct value of free chlorine will be calculated to verify if
JAARs are properly disinfecting their water to ensure that most pathogens are killed or
inactivated. Yoakum (2013) recommends a conservative Ct value of 40 min-mg/L Cl2 to ensure
inactivation of E. Histolytica (Ct of 35 min-mg/L Cl2 at pH = 7) and pathogens with smaller Ct
values found in Panama. However, a minimum threshold of 20 min-mg/L Cl2 should be met to
inactivate Giardia lamblia which has a Ct value of 15 min-mg/L Cl2 at pH =7. Not meeting this
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minimum threshold could imply that waterborne pathogens are able to survive; therefore,
defeating the purpose of disinfection. The methods described in this section assumes that the inline chlorinator is located upgradient of the water storage tank. To calculate the Ct value, you
need to measure the flowrate of water into the tank, the flowrate out of the tank, the free chlorine
concentration in the water leaving the tank and if applicable the volume of water between the
tank and the first user.
When chlorine is added to water it is not all converted to free chlorine which this study
uses to calculate the Ct value. First, organic materials and reduced metals can react and
consumes some of the chlorine, this is known as the chlorine demand. The remaining chlorine is
referred to as total chlorine and is the sum of free chlorine (hypochlorous and hypochlorite ions)
and combined chlorine (chloramines). Chloramines form when ammonia is present in the water
and are less effective at disinfection compared to free chlorine. Therefore, water samples will be
tested for free and total chlorine. Free chlorine will be subtracted from total chlorine to determine
the amount of combined chlorine and to verify the accuracy of the free chlorine measurements.
The concentration free chlorine in regard to hypochlorous acid (HOCl) and hypochlorite
ion (OCl-) is dependent predominantly on pH and, to a lesser degree, temperature. Hypochlorous
acid (HOCl) is more effective at inactivating pathogens than the hypochlorite ion (OCl-), its
conjugate base (National Research Council, 1980). It is important to be aware of the pH of water
because the Ct values for pathogens are typically based on a specific pH, generally pH = 7. If the
pH is greater than the pH for which the Ct value a certain pathogen is based on, the concentration
or contact time will need to be increased. Thus, temperature and pH will be measured at the same
time free and total chlorine are measured.
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The U.S. Environmental Protection Agency sets the maximum level for total chlorine (as
Cl2) at 4.0 mg/L . Ingesting water with a total chlorine residual exceeding this value for long
periods of time may result in adverse health effects. Another important measure in drinking
water is the level of residual free chlorine in the distribution system. It is desirable to have a
minimum of 0.2 mg/L Cl2 of free chlorine residual in the distribution system in case
contaminants enter the system, for instance, through a broken pipe. Panama recommends a free
chlorine residual of 0.3-0.8 mg/L Cl2 to protect against recontamination. Therefore, free and total
chlorine concentrations will also be sampled at the first and last house in the distribution system.
4.9.1 Water flowrate into the tank: procedure and calculation
To measure the flowrate into the tank, a 5-gallon bucket will be placed underneath the
inlet and how much time it takes to fill up the bucket will be recorded with a stopwatch.
5 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

60 𝑠𝑠𝑠𝑠𝑠𝑠

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = �𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (𝑠𝑠𝑠𝑠𝑠𝑠)� 𝑥𝑥 � 1 𝑚𝑚𝑚𝑚𝑛𝑛 �

(6)

4.9.2 Chlorine Contact Time: Procedure and Calculation

The amount of time that the chlorine is able to react with the water is called the contact
time. The chlorine contact time for a water system is found by calculating the contact time in the
storage tank and the distribution pipe before the first user. The contact time for each location is
calculated separately and then added together to get the total contact time. The procedures for
both calculations are found below.
4.9.3 Contact Time: Water Storage Tank
The contact time in a storage tank is based on the flows in and out of the tank, the volume
of water in the tank, and a baffling factor. The procedure to calculate the flowrate into the tank
are above. To calculate the flowrate out of the tank it is important to measure the flowrate during
the part of the day with the highest demand as this will give a more conservative value for
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disinfecting water during daily peak operation. To find the maximum or peak flow rate out of the
tank measure the level of water in the tank every 30 minutes during the part of the day when
demand is expected to be the highest. The 30-minute interval with the largest change in height
will be the peak flow rate. To calculate the peak flow rate, use Equation 7 below.
gal

Peak flow rate �min� =

Length(ft) x Width(ft) x ∆ water level(ft)x �
30 minutes

7.48 gal
�
1 ft3

gal

+ flow rate into tank �min�
(7)

where, the length and width are measured inside the tank.
If the water in the tank is overflowing and flowing out the overflow pipe the volume of
water can be calculated by measuring the interior length, width, and height from the floor to the
overflow pipe using the Equation 8 below and substituting in the values. For this case the peak
flow will be equal to the flow into the storage tank calculated using Equation 7.
7.48 gal

Volume of water in Tank (gal) = Length (ft) x Width (ft) x Height (ft) x �

1 ft3

�

(8)

Once the flows in and out of the tank, and the volume of water in the tank has been calculated
you can calculate the contact time in the tank using Equation 9.
Contact time in storage tank (min) =

Volume of Water in Tank (gal)
Peak flow rate �

gal
�
min

x 0.3

(9)

In Equation 8, the 0.3 at the end is a baffling factor that is used to adjust for the fact that the
chlorine entering the tank does not mix perfectly so the concentration of chorine does not
produce a homogeneous mixture in the tank.
4.9.4 Contact Time: Distribution System
The time it takes water to travel from the storage tank to the faucet of the first user is the
contact time in the distribution system. The procedure for calculating the contact time is the same
as the storage tank except the equation for calculating the volume of water is slightly different to
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account for the different geometry. To calculate the volume of water in the pipe use Equation 10
below. It may be necessary to repeat this process several times if the diameter of the pipe
changes between the tank and the faucet of the first user. If the pipe diameter changes sum all the
volumes for each pipe diameter to get the total volume of water as seen in Equation 10 below.
Total Volume in Pipes (gal) = VolumeD1 + VolumeD2 + ⋯ VolumeDn

(10)

The procedure for calculating the contact time in the pipes is the same as with the storage
tank except for the baffling factor is now 1.0 because water within the pipe behaves as plug flow.
Substitute the total volume found using Equation 10 and divide it by the peak flow rate
calculated from Equation 7. Yoakum (2013) offers a rule of thumb that if the pipe distance is
less than 250 meters from the storage tank to the first user then the contact time can be assumed
to be negligible. Therefore, in this case, it may not be necessary to calculate the pipe contact
time.
4.9.5 Total Contact Time
To calculate the total contact time, sum the values for contact time for the storage tank
and distribution system as seen in Equation 11.
Total Contact Time (min) = Contact time in Tank (min) + Contact time in Pipes (min) (11)

4.9.6 Free Chlorine concentration: procedures

The total chlorine will be measured to compare to the value of free chlorine to check for
the presence of chloramines. The free chlorine concentration will be collected from four
locations: 1) the chlorinated water entering the storage tank, 2) the water leaving the storage
tank, 3) the first user’s faucet (user closest to the tank), and 4) the last user’s faucet (user furthest
away from the tank). Water samples for the location 1 will be taken from inside the tank from the
inlet pipe. Water samples for location 2 will be sampled using the tank’s cleanout pipe after the
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pipe has been allowed to discharge for five minutes to reduce potential contamination of the
samples from sediment.
Panama has two seasons, the rainy season from May until December, and the dry season
from December until May. This study proposes collecting water samples during June and
September because based on the author’s experience the months with heaviest rainfall, October
and November, would make traveling to some communities especially challenging. Also,
collecting water samples in the rainy season it is more likely to see contamination in drinking
water from runoff and whether or not chlorine concentration is greater than the chlorine demand.
Two ways to measure free and total chlorine in the field are HACH’s Pocket Colorimeter
II (Product #5870000) and HACH’s Free and Total Chlorine Color Disc Test Kit Model CN-70
(Product #:1454200). Procedures for both instruments are provided below.
4.9.7 Ct Value: Calculation
Once the values for C (free chlorine) and t (total contact time) have been calculated it is
simply a matter of multiplying the two values together to calculate the Ct value. Use Equation 12
to calculate the Ct value.
min∙mg

Ct �

L

mg

as Cl2 � = Free Chlorine Concentration �

L

as Cl2 � x Total Contact Time (min)

(12)

4.10 HACH Pocket Colorimeter II
4.10.1 Collecting water sample and zeroing instrument
The materials needed for this procedure include: HACH Pocket Colorimeter II, Low
Range (0.02 to 2.00 mg/L Cl2) DPD (N,N-diethyl-phenylenediamine) Free Chlorine Reagent
Powder Pillow and , Low Range (0.02 to 2.00 mg/L) DPD Total Chlorine Reagent Power Pillow,
two 10 mL Sample cells, and glass beaker or other glass receptacle. First, a 100 mL sample will
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be collected using a clean glass beaker. one of the glass sample cells including the cap will be
rinsed three times with the water sample in the 100 mL beaker. Once the sample cell and cap
have been rinsed the cell will be filled to the 10 mL mark with the water sample in the 100 mL
beaker and capped. The cell will be dried off with a lint free Kimwipe and inserted into the slot
in the colorimeter. To avoid any inaccuracies the diamond on the cell will be positioned facing
towards the keypad each time. The cover will be placed over the cell and then the device will be
zeroed by pressing the far-left button with a square in the center. The blank will be removed and
put aside.
4.10.2 Measuring Free and Total Chlorine
Before beginning this procedure, it is important to check to see the unit is set to Low
Range mode, the range of 0.02 to 2.00 mg/L Cl2 for free and total chlorine. It is necessary to
calibrate the instrument before use, please read the HACH Basic User Manual: Pocket
Colorimeter II for further information on how to switch to low range mode and calibrate the
instrument.
To measure the free chlorine, the remaining glass sample cell will be filled with 10 mL of
water sample. One 10-mL DPD Free Chlorine Reagent Power Pillow will be poured into the cell
and then capped. The water sample will be mixed by inverting the cell for 20 seconds. The cell
will be read within one minute of adding the powder pillow. Before the cell is read a Kimwipe
will be used to dry it off and remove any fingerprints. The cell will be placed in the colorimeter
with the diamond facing the keypad and covered. The sample will be read by pressing the
read/enter key with the checkmark symbol on it. The results in mg/L will be recorded in a field
notebook. The sample cell will be emptied immediately and rinsed three times with sample
water. To measure the total chlorine, the same procedure will be repeated except instead of using

74

the free chlorine powder pillow a total chlorine powder pillow will be used. Also, the total
chlorine sample will be read after three minutes and before six minutes have passed after mixing.
After the results have been recorded the cell will be emptied and rinsed out three times with
sample water.
4.11 HACH Free and Total Chlorine Color Disc Test Kit Model CN-70
4.11.1 Collecting Water Sample and Reading Sample
The materials needed for this procedure include: one color comparator box with color
disc DPD chlorine 0-3.4 mg/L, two plastic viewing tubes with caps, one square bottle with 25
mL mark, and free and total DPD Chlorine Reagent Powder Pillows, 25 mL. The powder pillows
for the Pocket Colorimeter II will not work with this test kit since the powder pillows are meant
to be mixed with 10 mL of water whereas this test kit uses a bottle with a 25 mL mark to mix the
sample. Make sure the color comparator box does not have the long-path adapter installed,
remove it if necessary. This procedure is for mid-range from 0-3.4 mg/L Cl2.
First, a 100 mL sample will be collected using a clean glass beaker. Next, one plastic
viewing tube will be filled to the first line (5 mL) with the water sample. The tube will be placed
on the left slot of the color comparator box. The square glass bottle will be filled to the 25 mL
mark with the water sample. To measure free chlorine, one DPD free chlorine powder pillow
will be added to the glass bottle and swirled to mix. The sample will be read within one minute
for free chlorine and between three to six minutes for total chlorine. The second tube will be
filled to the first, 5 mL, line with the prepared sample. The tube will be placed in the right slot of
in the color comparator box. The color comparator box will be placed in front of a light source
and the color disc will be turned until the color of both tubes match. The results in mg/L Cl2 will
be recorded in a field notebook. The sample cell will be emptied immediately and rinsed three
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times with sample water. To measure total chlorine, the same procedure will be followed using a
total chlorine DPD powder pillow.
4.12 Water Quality
4.12.1 Temperature and pH of Water Sample: Procedure
Measurements for temperature and pH will be collected using the same water samples
used to test for total and free chlorine. The Apera AI209-T Value Series PH20 pocket pH tester
will be used to measure the temperature and pH. The accuracy of this device is ±0.1 pH and
±0.5ºC with a range of 0-14 pH and 0-50 ºC, which is sufficient for this study. This device can be
calibrated with three standard calibration solutions (pH of 4, 7, & 10) sold by Apera. It is
important to calibrate the instrument before measuring water samples. In this method a 100-mL
sample will be taken form the same locations as the free and total chlorine samples. The
instrument will be inserted into the 100-mL beaker to measure the temperature and pH.
4.12.2 Biological, Physical and Chemical Water Quality sample: Procedure
MINSA has a laboratory provides free water quality testing for communities that solicit a
water quality test. MINSA provides all the materials for water quality tests and in some cases can
even come to the entrance to the community to retrieve the samples so the community does not
have to send someone to deliver the sample to the lab in San Felix. The biological sample can be
collected from unchlorinated water, springs or surface water, or from a faucet that has treated
water. This study is focusing on collecting water samples from the spring source as directed by
SIASAR.
4.12.3Physical and Chemical Water Sample: Procedure
The large plastic bottle that MINSA provides is used to collect the physical and chemical
sample. The bottle will be rinsed with the water sample three times before collecting the sample.
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Once the plastic bottle is filled completely and cap screwed on securely it will be stored for
transportation.
4.12.4Biological Water Sample: Procedure
Personal protective gear provided by MINSA will be used to collect the biological
sample. MINSA will provide a hairnet, face mask, and latex gloves to avoid contaminating the
sample. The seal on the plastic bottle for an unchlorinated water sample will be removed and the
screw uncapped. The bottle will be filled carefully using a downward “U” motion, until the water
reaches the 100 mL mark. Some space for air will be left in the bottle for the sample to remain
microbiologically active. The sample will be placed in a portable cooler with ice and returned to
the MINSA lab within six hours after collection.
4.13 Proposed Analysis of Data
The author of this study was unable to collect data before being evacuated due to the
Covid-19 pandemic. Therefore, this section summarizes possible methods that can be used to
analyze the data collected from the methods (Table 4.4). The following references provide good
examples of how to employ these and similar methods to analyze similar qualitative and
quantitative data Yoakum (2013), Kayser et al. (2014), Naughton et al. (2018), Libby (2018),
Lopez-Ponnada et al. (2020), and Orner et al. (2020).
Table 4.4 Expected methods to analyze data obtained by this study’s methods
Hypothesis

Study tool
Community Survey

Hypothesis 1

Service Provider Survey
Water System Survey

Expected method to analyze data
• Two-sample right-tailed
Student’s t-test will be used to
evaluate the percent increase in
the values for components,
dimensions, and overall Water
and Sanitation Performance Index
of SIASAR between the two
groups
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Table 4.4 (Continued)

Hypothesis 2

Ct Value

Hypothesis 3

General Knowledge of Chlorination
Survey

• Two-sample right-tailed
Student’s t-test will be used to
evaluate the percent increase in
Ct values between the two
groups
• Two-sample right-tailed
Student’s t-test will be used to
evaluate the percent increase in
survey scores between the two
groups

4.13.1Student’s t-test
It is common for researchers to study the effect of an intervention by comparing two
groups. Typically, one group is given the intervention and the other group is the control group.
The hypotheses for this study compare two independent groups where the intervention group is
hypothesized to score higher than the control group. One common method used to compare two
groups is the Student’s t-test. There are a few assumptions that must be made to be able to use a
t-test: 1) the means of the two groups should have normal distributions, 2) the sample size for
each group is similar, 3) the variance for each group is similar, and 4) the sample sizes should be
greater than 20. There are a few different t-tests that can be used depending on the relationship
between the two groups, see Figure 4.3. Since the hypotheses are predicting the intervention
group will score higher than the control group the t-tests will be right-tailed since the area used
to reject the null hypothesis is on the right side of the t distribution curve.
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Figure 4.3 Two-sample Student's t-test
The two proposed groups in this study are unpaired or independent of each other. The
variance between the two samples must be determined using an F-test before deciding to use the
equal variance or unequal variance t-test. The F-test is a statistical test which compares the
variance or square of the standard deviation to determine if the variances are equal. The F-test
computes a F-statistic which is then compared to an F critical value to determine if the variance
is equal or unequal. To perform the F-test the sample size, n, and the sample mean, , 𝑋𝑋�, must be
known. To find the sample size, sum all the samples collected in each group. The sample mean
can be found using Equation 13.
1
𝑥𝑥 +𝑥𝑥 +⋯+𝑥𝑥𝑛𝑛
𝑋𝑋� = 𝑛𝑛 (∑𝑛𝑛𝑖𝑖=1 𝑥𝑥𝑖𝑖 ) = 1 2𝑛𝑛

(13)

where, x is sample collected and
n is the sample size

Once the sample size, n, and sample mean, 𝑋𝑋�, for each sample is known the variance of

each group can be calculated using Equation 14. The following convention is used to calculate
the variance. By convention group one is labeled x and group two is labeled y. Both variances
can be calculated using Equation 14 and substituting in the appropriate information.
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𝑆𝑆𝑥𝑥2 =

∑(𝑋𝑋−𝑋𝑋� )2
(𝑛𝑛−1)2

(14)

where, variance is square of the standard deviation for group x,
X is a value from sample x,
𝑋𝑋� is the sample mean of sample x, and

n is the sample size for group x

The F value or F statistic can be calculated using Equation 15. The F statistic is compared
to the F critical value which is found in a F distribution table. The F critical value is found using
the degrees of freedom for each group calculated using Equation 16. If the F statistic is less than
the F critical value, then the variance is equal. Conversely, the variance is unequal if the F
statistic is greater than the F critical value.

where, S2 is the variance

where, n is the sample size

𝐹𝐹 =

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑆𝑆 2

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆 2

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑛𝑛 − 1

(15)

(16)

4.13.1.1Two-Sample Student’s t-Test for Independent Equal Variance
The t-test for equal variance is calculated using Equations 17-19. The null hypothesis, Ho,
for this test is the population mean for sample one is equal to the population mean for sample
two. The alternative hypothesis, Ha, for this test is the population mean for sample one is not
equal to the population mean for sample two. A significance level, α, of 0.05 will be used to
reject the null hypothesis. Since the t-test is right-tailed a one-tailed value of 0.05 will be used.
The null hypothesis that the two means are equal is rejected if the t statistic is greater than the t
critical value. A t table will be used to find the critical value for the t distribution with degrees of
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freedom, df, and one-tailed value of 0.05. The t statistic calculated in Equation 17 is compared to
the t critical value found in the t table.
𝑡𝑡 =

�𝑋𝑋�1 −𝑋𝑋�2 �

��

𝑠𝑠2
𝑝𝑝

+

𝑠𝑠2
𝑝𝑝

𝑛𝑛1 𝑛𝑛2

(17)

�

where, 𝑋𝑋�1 − 𝑋𝑋�2 is the difference between the sample means for sample one and two,

𝑠𝑠𝑝𝑝2 is the pooled variance, and

𝑛𝑛1 and 𝑛𝑛2 are the sample sizes for sample one and two.
𝑠𝑠𝑝𝑝2 =

(𝑛𝑛1 −1)∙𝑠𝑠12 + (𝑛𝑛2 −1)∙𝑠𝑠22
𝑛𝑛1 +𝑛𝑛2 −2

(18)

where, 𝑛𝑛1 and 𝑛𝑛2 are the sample sizes for sample one and two, and

𝑠𝑠12 and 𝑠𝑠22 are the variances for sample one and two (calculated in the F-test above)
𝑑𝑑𝑑𝑑 = 𝑛𝑛1 + 𝑛𝑛2 − 2

(19)

4.13.1.2 Two-Sample Student’s t-Test for Independent Unequal Variance
The t-test for unequal variance is calculated using Equations 20 and 21. The pooled
variance is not used in Equation 20 because the variance for sample one and two are not equal.
The null and alternative hypotheses for this test are the same as for the equal variance t-test. An
alpha value of 0.05 is used to reject the null hypothesis. A t table is used to find the t critical
value using a one-tailed value of 0.05 and the degrees of freedom calculated in Equation 21. The
null hypothesis is rejected if the t statistic is greater than the t critical value.
𝑡𝑡 =

�𝑋𝑋�1 −𝑋𝑋�2 �

𝑠𝑠2 𝑠𝑠2
�� 1 + 2 �
𝑛𝑛1 𝑛𝑛2

(20)

where, 𝑋𝑋�1 − 𝑋𝑋�2 is the difference between the sample means for sample one and two,

𝑠𝑠12 and 𝑠𝑠22 are the variances for sample one and two, and
𝑛𝑛1 and 𝑛𝑛2 are the sample sizes for sample one and two.
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𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =

2 2

2

𝑠𝑠
𝑠𝑠
� 1+ 2�
𝑛𝑛1 𝑛𝑛2

2
2
𝑠𝑠2
𝑠𝑠2
� 1�𝑛𝑛1 �
� 2�𝑛𝑛 �
2
𝑛𝑛1 −1

+

(21)

𝑛𝑛2 −1

where, 𝑠𝑠12 and 𝑠𝑠22 are the variances for sample one and two, and
𝑛𝑛1 and 𝑛𝑛2 are the sample sizes for sample one and two.

4.13.2 Mann-Whitney U Test

In the case that the data for one or more of the study tools is not normal or the sample
size is too small (n < 20) a Student’s t-test cannot be used. Instead, a Mann-Whitney U test can
be used to compare whether or not two independent samples are significantly different. Like the
Student’s t-test there are some assumptions regarding the Mann-Whitney U test: 1) the two
samples are random and independent of each other, 2) the data is discrete or continuous, and 3)
the scale used to measure the data is either ordinal, interval or ratio. The null hypothesis states
that the distributions of both populations are equal. The alternative hypothesis states that there is
a difference in the distribution of the populations. The alpha value is assumed to be 0.05 and the
test is assumed to be right-tailed. To be statistically significant the U statistic must be less than or
equal to the critical value.
The Mann-Whitney U test is a rank-based test. The sum of the ranks, or the rank sum, is
calculated for each group in order to calculate the U statistic. Equation 22 is used to calculate the
U statistic for each group, where the lower of the two values is selected. A Mann-Whitney table
is used to find the critical value using the alpha value and the sample size for each group. The
null hypothesis is rejected if the U statistic is less than or equal to the U critical value since it is
unlikely to have occurred by chance.
𝑈𝑈𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑠𝑠𝑠𝑠𝑠𝑠 −

𝑛𝑛(𝑛𝑛+1)
2

(22)

where, rank sum is the sum of the ranks for each group, and
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n is the sample size for each group
4.13.3 Analysis of SIASAR Surveys
The data collected from the community, service provider, and water supply system
surveys completed in each community along with the technical assistance provider survey filled
out by the DAPOS district technician will be used to calculate the Water and Sanitation
Performance Index using Equation 1. The utility functions to calculate the 24 components, the
six dimensions, and the two partial indices can be found in SIASAR 2.0 Conceptual Model. The
scores for the Water and Sanitation Performance Index, six dimensions and twenty-four
components are all continuous data from 0 to 1. The average percent increase between the
intervention and control groups for all of these values will be calculated using Equation 23. The
percent increase between intervention and control samples will be evaluated using either
parametric (Student’s t-test) or non-parametric (Mann-Whitney U test) tests, discussed above, to
determine if the average percent increase is statistically significant.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 % 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =

(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴. −𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴. )

4.13.3.1 Analysis of Biological Water Samples

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴.

× 100

(23)

The results of the biological water samples collected for the Water Supply System survey
are included in the quality dimension. The utility function used to calculate the quality dimension
classifies based on whether or not the physiochemical and bacteriological water tests meet
acceptable values. The goal of this research is to ensure microbially safe water is provided to
rural communities. Therefore, it is important to compare the level of contamination in terms of
total coliforms and E. Coli. The IDEXX Colilert test detects and counts both total coliforms and
E. Coli with a detection limit of one organism per 100 mL. The Colilert test uses the most
probable number (MPN) method to estimate the concentration of total coliforms and E. Coli.
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The most probable number of colonies for each sample group will be evaluated using
either parametric (Student’s t-test) or non-parametric (Mann-Whitney U test) tests to determine if
the average percent change is statistically significant. The average percent change between the
intervention and control groups will be calculated using Equation 24. The percent change will be
evaluated with an alpha value of 0.05. If a two-sample Student’s t-test is used the test should be a
two-tailed test since the intervention may or may not decrease the level of contamination in the
water.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 % 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =

(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴. −𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴. )
�𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴. �

4.13.4 Analysis of General Knowledge of Chlorination Survey

× 100

(24)

The procedures to analyze the data from the General Knowledge of Chlorination Survey
have been adapted from Yoakum (2013). The survey will be scored using a binary scoring
system scoring individual questions using 1 for correct response and 0 for incorrect response. An
answer key will be used to determine if the responses are correct. The average scores for each
question (Equation 25), respondent score (Equation 26), and for the entire survey (Equation 27)
will be calculated to determine the difference between both groups. The entire survey and each
question will be evaluated for the percent increase in correct responses between intervention and
control groups using Equation 28. The significance of the percent increase between groups will
be evaluated using two-sample right-tailed Student’s t-test or Mann-Whitney U test following
methods laid out in Section 4.13.1 and 4.13.2.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑋𝑋 =

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑥𝑥,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 1 +𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑥𝑥,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 2 +⋯

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎. =

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑛𝑛1 +𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄2 +⋯
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄

× 100%

× 100%

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅1,𝐴𝐴𝐴𝐴𝐴𝐴.𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑒𝑒 +𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅2,𝐴𝐴𝐴𝐴𝐴𝐴.𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 +⋯
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑛𝑛𝑛𝑛𝑛𝑛

(25)
(26)
(27)
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↑ % 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 𝑋𝑋 = 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑋𝑋,𝐴𝐴𝐴𝐴𝐴𝐴.𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 − 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑋𝑋,𝐴𝐴𝐴𝐴𝐴𝐴.𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (28)

4.13.5 Analysis of Ct Values

The data collected from Section 4.9 for the Ct value of chlorine for each water supply
system will be evaluated using Equation 23 to find the average percent increase between the two
groups. The mean Ct values for chlorine for each group will be evaluated using the methods
described in sections 4.13.1 and 4.13.2 to determine if there is a statistically significant
difference for the percent increase between the two groups. The two-sample Student’s t-test and
the Mann-Whitney U test are suitable to compare the two independent groups since the data
collected from this study tool will meet all the assumptions needed to use these tests.
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Chapter 5: Conclusion, Expected Results and Recommendations
5.1 Conclusion
Sustainable Development Goal Target 6.1 has set an ambitious goal of providing
universal and equitable access to safe and affordable drinking water by 2030. This means not
only providing first time access to people but also maintaining service levels for areas that
already benefit from safe and affordable drinking water. One essential method to accomplish this
is to use monitoring to better understand the infrastructure and service providers delivering the
drinking water service to water users. The Rural Water and Sanitation Information System (
SIASAR) is a powerful tool currently used by eleven Latin American and Caribbean countries to
monitor water supplies and sanitation in rural areas. SIASAR could provide a valuable tool for
Panama to reach Sustainable Development Goal Target 6.1.
The following knowledge gaps in Panama were uncovered through the literature review
and proposed theoretical methods of this study:
•

Panama has more than 5,000 gravity-fed piped water systems but there is little
information on the water quality, water service level, and sustainability of these
systems.

•

Few records were identified regarding the water quality and sustainability of rural
gravity-fed water systems built by Peace Corps Panama volunteers once they had
left the community.
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•

No studies were found that compared water quality in terms of a Ct value for
disinfection and the Water and Sanitation Performance Index score calculated by
SIASAR.

•

Few studies have investigated the relationship between water quality using the Ct
method for disinfection and the level of support provided to a local water
committee by an external entity.

5.2 Expected Results Based on Literature Review and Author’s Experience
Unfortunately, no data could be collected for this study before the author was evacuated
due to the Covid-19 pandemic. However, this thesis still has a few expected results based on the
literature review and the field experience of the author:
1. SIASAR should provide insight into where a community needs additional support
using the six dimensions that make up the Water and Sanitation Performance
Index.
2. Few communities are expected to achieve minimum Ct value to inactivate the
most common pathogens found in the area.
3. Water committee and operators should benefit from additional trainings on how to
disinfect water using in-line chlorinator technology.
4. Continuous external support is most likely more important that short sustained
capacity building.
Recent literature has validated SIASAR as powerful tool to assess rural water and
sanitation in Latin America and the Caribbean. If used correctly SIASAR can identify
weaknesses at the community, district, and provincial levels helping to decide where to allocate
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additional resources and create programs to improve the sustainability of rural water and
sanitation.
The Ministry of Health does not currently train communities to disinfect their rural water
systems using the Ct method for disinfection. Rather, it uses the free residual chlorine
concentration as evidence that disinfection with chlorine is working to kill or inactivate water
borne pathogens. The free chlorine residual range recommended by the Ministry of Health is 0.30.8 mg/L Cl2. Based on the author’s field experience the pool test kits recommended by the
Ministry of Health are difficult to accurately measure the concentration of free chlorine.
Additionally, without knowing the contact time of the disinfectant (i.e. chlorine) with the water
source it is difficult to say with certainty if the water is microbially safe without doing laboratory
tests checking for pathogens.
Building off the last expected result the author has seen a lack of training or guidance in
the form of a manual to assist water committees and operators to provide microbially safe water
for their communities. Although a previous USF Master’s International student and Peace Corps
Environmental Health volunteer serving in Ño Kribo created a manual for using the Ct method
for disinfection of rural water systems using an in-line chlorinator in Panama and provided it to
the regional Ministry of Health technicians it was never adopted. Furthermore, water committees
trained by district technicians may not provide microbially safe water based on past research and
their reliance on free residual chlorine rather than using the Ct method for disinfection.
The author was able to visit many communities that had spring-sourced gravity-fed rural
water systems built by the Ministry of Health, International NGOs and Peace Corps, many of
these systems failed without continuous external support. Even communities that had received
multiple Peace Corps volunteers inevitably had issues with their systems. Recent research
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supports this evidence that constant support by the service authority is required to maintain the
services levels expected and ensure high quality safe water. Nevertheless, more people have
access to an improved water source today than they did before thanks to the combined efforts of
the Ministry of Health, Peace Corps Panama and other international and national NGOs. The
author has met many rural water committees that successfully manage the water system and
provide microbially safe water to their community’s thanks in part to the work of Peace Corps
volunteers and the dedicated and persistent efforts of the local district technicians.
5.3 Recommendations
While this theoretical study does not draw any conclusions from data it does include the
following six recommendations that could improve the sustainability of the WASH sector in
Panama.
1. Harmonization of actors and factors across boundaries and scale is crucial. For
example, the Panamanian agencies CONADES and SENADE/SND, in charge of
building or rehabilitating rural water systems should collaborate with each other
to avoid redundant work in the same communities. The agencies should also
include DAPOS in the planning, design, and post-construction support since they
are responsible for assisting rural communities with their water and sanitation.
Also, the Ministry of Health should develop clear policies and promote a common
understanding at national and sub-national levels to avoid confusion and
conflicting answers from different levels within the same agency.
2. Peace Corps Panama should collaborate more with Honorable Representatives
(local political leaders who have money from the government to finance water
and sanitation projects) in the areas where Water, Sanitation, and Hygiene
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volunteers serve. For example, volunteers could assist Honorable Representatives
with building or rehabilitating existing rural water systems. Volunteers could
provide the feasibility study including topographic survey and flow rates from the
proposed source of water, design, and project management. Volunteers could also
help build the system once the materials are provided by the Honorable
Representative. The benefits of collaborating with Honorable Representatives are:
1) building the capacity of rural communities (rather than hiring outside
contractors), 2) working with Honorable Representatives to show them the
engineering necessary for high functioning water service levels (sometimes no
engineers are involved in a project), 3) reduce the cost of the project for
Honorable Representatives, and 4) connect rural communities with the local
DAPOS technician to provide post-construction support.
3. DAPOS district offices need to have sufficient resources to carry out their
responsibilities. Many district offices only have one technician for the entire
district which include hundreds of rural communities. The technicians also do not
have dedicated transportation to visit communities which makes traveling to the
communities more difficult. The Ministry of Health should hire more technicians
to reduce the number of communities each technician is responsible for, perhaps,
30 communities per technician. The Ministry of Health should also buy more
vehicles for DAPOS technicians to travel more freely and carry out their duties
more efficiently.
4. Baseline data collection and regular SIASAR assessments should be prioritized by
DISAPAS at the local level to aid in planning and resource allocation. DISAPAS
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has performed many SIASAR assessments in the district of Kusapin of the
Comarca Ngäbe-Buglé, however, many areas of the country still do not have a
SIASAR assessment for rural communities. Panama should follow the example of
other Latin American countries that perform the SIASAR assessment at the local
level rather than using national and regional levels. Countries that use local level
data collection for SIASAR can evaluate more communities by eliminating
bureaucracy and collaborating with more organizations such as Peace Corps.
5. DISAPAS should invest more in capacity building and training of technical
assistance providers (i.e. DAPOS technicians). DAPOS technicians are very
passionate about their work and do their best to support rural communities with
the limited resources available to them. However, additional training such as
training technicians to use the Ct method for disinfection could be valuable to
improve the quality of water in rural communities. DISAPAS should also promote
more collaboration between provinces where technicians could share best
practices and lessons learned to improve the organization.
6. DISAPAS should work with technicians who are from the Comarca Ngäbe-Buglé
and speak Ngäbere to create culturally appropriate resources in Spanish and
Ngäbere to help water committees and operators effectively chlorinate their water
systems to provide microbially safe water. Training materials and manuals
provided to water committees for free in their native language could promote
better understanding of how to operate and maintain the rural water system.
The first recommendation is based on recent review of the WASH sector in Panama by
the World Bank and also the field experience of the author. There is a lack of coordination
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between the national and sub-national levels of government. There are also overlapping
responsibilities between multiple government agencies building rural water systems with little
coordination to guarantee follow-up support. Additionally, the policies in the same agency can
vary by province complicating work for organizations that work in multiple provinces. Panama
could benefit by creating clear, consistent policies for the entire country and coordinating
activities between government agencies.
The recent institutional reforms in Panama have shifted construction of rural water
systems from the Ministry of Health to political leaders (Honorable Representatives) who may
be ill equipped to manage projects for the rural water systems they finance. This is especially
evident after the author spoke to multiple government officials which explained that it is rare to
do a feasibility study and/or design before beginning a project. Rather the custom in the Comarca
Ngäbe-Buglé is for Honorable Representatives to hold an annual meeting where members of all
the communities in their area can attend to vote on what projects will be prioritized the next
fiscal year. Based on the number and type of projects prioritized during this meeting the
Honorable Representative will allocate a specific amount of money for each project without
knowing if that amount of money will be sufficient to complete the project. Peace Corps
volunteers in the Water, Sanitation, and Hygiene program could collaborate with Honorable
Representatives to provide the feasibility study and designs free of cost. In addition, volunteers
could help strengthen links between the Ministry of Health and Honorable Representatives to
improve the planning and design of projects and post-construction support once projects are
completed.
The government agency DAPOS is responsible for monitoring and assisting rural
communities with their water and sanitation systems. Sadly, the offices in the Comarca Ngäbe-
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Buglé and Bocas del Toro are and have been historically understaffed and under resourced to
carry out their many duties. Until the Panamanian government decides to take the well-being and
health of rural communities seriously it will be very challenging for Panama to achieve SDG
Target 6.1.
Fortunately, there exists a powerful tool to aid in identifying areas that need additional
support to improve the sustainability of rural water and sanitation and enable DAPOS to be more
effective in their work. This tool is the sustainability assessment tool SIASAR which can be
coupled with baseline and regular monitoring of rural communities. Regrettably, monitoring has
not been prioritized in the proposed districts for this study. Thus, a national initiative to do
countrywide baseline data collection as seen in Nicaragua would be beneficial in planning and
interventions in area that need to be strengthened.
The author developed professional relationships with several DAPOS technicians who
are very passionate about their work. Although most technicians have a two-year degree in water
and sanitation, they are not necessarily trained in construction methods for rural gravity-fed
water systems. For example, the author witnessed one technician incorrectly installing an in-line
chlorinator. Hopefully, this is not the case with most technicians. Additionally, when asked if
technicians knew about the Ct method for disinfection many said they did not know. Therefore,
district technicians could benefit from additional training from inter-provincial trainings to share
best practices and lessons learned (as is common in the U.S. for example).
Finally, it is important to value the native language and culture of indigenous
populations. In the proposed study area, all the district technicians are from the Comarca NgäbeBuglé. This is important since they already understand the culture and customs of the Ngäbe
people. District technicians do an excellent job speaking the native language Ngäbere as often as
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possible when they train communities. However, there is a lack of resources in Ngäbere for
water committees. Additional resources should be created to help preserve the language and also
educate community members who prefer and have greater comprehension in their native
language on water, sanitation, and hygiene practices.
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